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(54) OPTICAL RECORDING MEDIUM, RECORDER FOR OPTICAL RECORDING MEDIUM, 

METHOD FOR RECORDING THE SAME, REPRODUCING DEVICE AND REPRODUCING 
METHOD THEREFOR 



(57) In an optical recording medium havincf*a 'track 
including plural pits fomied based on first data to be 
recorded and lands defined between neighboring pits, 
these pits are recorded as they are deformed based on 
the second data. The first and second data are synthe- 
sized and reproduced to realize audio reproduction with 



a broad frequency range. Moreover, the first data are 
adapted to be reproducible by a customary disc repro- 
duction device. The reproduction of the first data is con- 
trolled by the second data to protect recorded data. 
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Description 



Disclosure of the Invention 



Technical Reid 

[0001] This invention relates to an optical recording 
medium having recorded thereon second data, as sup- 
plementary data, in addition to first data as main data, a 
recording method and apparatus for recording the sup- 
plementary data along with the main data on this optica! 
recording medium and a method and apparatus for 
reproducing an optical recording medium having the 
first and second data recorded thereon. 
[0002] More particularly, this invention relates to an 
• optical recording medium in which the shape of plural 
pits of a track comprised of the pits representing record- 
ing data and lands between these pits is deformed to 
record other data, a recording method and apparatus 
for recording data on the optical recording medium and 
to a method and apparatus for reproducing the optical 
recording medium. 

Background Art 

[0003] Up to now, an optical disc, such as a com- 
pact disc with a diameter equal to 12 cm, is widely 
employed as an optical recording medium having 
recorded thereon audio data, such as music numbers, 
[0004] In recording on this optical disc, audio data is 
sequentially blocked and added to with an en-or correc- 
tion code. The resulting data is modulated with EFM 
(eight to fourteen modulation), with the results of the 
modulation being recorded by NRZl (non-return -to-zero 
inverted) modulation. On the compact disc, audio data 
is recorded by repetition of pits and lands with nine dif- 
ferent lengths of the periods of 3T to 1 1 T, where T is the 
basic period equal to the channel clock period. 
[0005] The pits formed in the optical disc based on 
the recorded audio data are of length in the track direc- 
tion equal to approximately 0.87 to 3.18 tim. in associa- 
tion with the periods of 3T to 11T, with the pit width 
con-e^onding to the length in a direction perpendicular 
to the track direction being approximately 0.5 ^im. with 
its depth being approximately 0.1 |xm. 
[0006] Meanwhile, in a compact disc, audio data is 
recorded in a frequency range of 20 Hz to 20 kHz. How- 
ever, a demand is raised to enable audio data to be 
recorded over a broader frequency range to realize 
audio reproduction of a higher sound quality. There is 
also raised a demand for recording audio data of three 
or more channels, instead of two channels, that is left 
and right channels, to enable variegated audio repro- 
duction, such as surround reproduction, 
[0007] Moreover, there is raised a demand for ena- 
bling audio data recorded on an optical disc to be repro- 
duced only under a pre-set condition to protect the 
recorded audio data. 



[0008] It is an object of the present invention to pro- 
vide an optical recording medium enabling variegated 
5 audio reproduction by recording supplementary data in 
addition to main data, a method and apparatus for 
recording data on this optical recording medium and a 
method and apparatus for reproducing the optica! 
recording medium. 

10 [0009] It is another object of the present invention to 
provide an optical recording medium which enables at 
least main data to be reproduced using a customary 
optical disc player and on which has been recorded sup- 
plementary data in addition to the main data, and a 

15 method and apparatus for recording data on this optteal 
recording medium. 

[0010] It is still another object of the present inven- 
tion to provide an optical recording medium which ena- 
bles recording of audio data of a frequency range 
20 broader than that of the customary compact disc or 
multi-channel audio reproduction to a high sound qual- 
ity, and a method and apparatus for recording data on 
this optcat recording medium. 

[0011] It is yet another object of the present inven- 
25 tion to provide an optical recording medium which ena- 
bles reliable protection of recorded data and a method 
and apparatus for recording data on this optical record- 
ing medium. 

[0012] For accomplishing the above object, the 

30 present invention provides an optical recording medium 
including a track constituted by a plurality of pits formed 
based on first data recorded therein and lands defined 
between the pits, wherein the plural pits are defomned 
based on second data. 

35 [0013] The present invention also provides a 
recording apparatus for an optical recording medium 
including an objective lens for converging a recording 
laser beam outputted by a modulator for modulating the 
recording laser beam radiated by a light source for radi- 

40 ating the recording laser beam based on the furnished 
first data and second data to the optical recording 
medium. This recording apparatus includes a signal 
processor for generating first data based on main data 
recorded on the optical recording medium and for gen- 

45 erating second data based on supplementary data of 
the main data recorded on the optical recording 
medium. 

[0014] The present invention also provides a repro- 
ducing apparatus for an optical recording medium, the 

so apparatus including an optical pickup for reading out 
first and second data from an optical recording medium 
including a track fonmed by a plurality of pits fomned 
based on the first data recorded therein and a land 
defined between neighboring pits, with the pits being 

55 defomned based on the second data, a first demodulator 
for demodulating the first data of the optical recording 
medium teased on an output signal of the optical pickup, 
and a second demodulator for demodulating the second 
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formed from a mother disc and a metal mold device car- 
rying this stamper is used to mold a disc substrate. A 
reflective film then is deposited on the molded disc sub- 
strate to deposit a reflective film. 
[0034] A master disc 2, exposed to light using the 
recording device shown in Fig.l , is prepared by coating 
a light sensitizer on a flat glass substrate. The master 
disc 2 is loaded on a spindle motor 3 and run in rotation 
at a constant rpm by the spindle motor 3 being driven 
rotationally under control by a spindle servo circuit 4. At 
this time, the spindle motor 3 generates an FG signal 
FG the signal level of which rises at an interval of a pre- 
set rotational angle by an FG signal generator provided 
on its bottom. The spindle servo circuit 4 drives the spin- 
dle motor 3 so that the FG signal FG will be of a pre-set 
frequency, thereby causing the master disc 2 to run in 
rotation at a constant linear velocity. 
[0035] A recording laser 5 is constructed by e.g., a 
gas laser, and radiates a laser beam of a pre-set light 
volume. A light modulator 6 is constituted by an electro- 
acoustic optical element and is adapted for intensity 
modulating the laser beam L incident from the recording 
laser 5 in Iceeping with a driving signal S3 to raise this 
laser beam L intermittently responsive to the rise of the 
signal level of the driving signal S3. The light modulator 
6 changes the light volume of the laser beam U raised 
in this manner, responsive to the signal level of the driv- 
ing signal. 

[0036] A mirror 8 warps the light path of the laser 
beam L to radiate the light towards the master disc 2. An 
objective lens 9 converges the reflected light of the mir- 
ror 8 onto the recording surface of the master disc 2. 
The min-or 8 and the objective lens 9 are sequentially 
fed in the radial direction of the master disc 2, by a sled 
mechanism, not shown, in synchronism with rotation of 
the master disc 2, As the mirror 8 and the objective lens 
9 are fed. the optical disc recording device 1 sequen- 
tially displaces the light converging position of the laser 
beam L from the inner rim towards the outer rim of the 
master disc 2 to form a spirally or concentrically extend- 
ing track on the master disc 2. At this time, a pit string 
made up of plural pits corresponding to modulating sig- 
nals is formed on this trade This pit string is modulated 
in width by the modulating signal S3. 
[0037] An analog/digital (A/0) conversion circuit 10 
analog/digital converts an audio signal SA supplied 
from a pre-set music source to output 18-bit parallel 
audio data OA having the sampling frequency DA of 
44.1 kHz. 

[0038] A bit operating unit 1 1 splits the 18-bit paral- 
lel audio data DA into upper-order 16-bit first data D2U 
and lower-order 2-bit second data D2L. The first data 
D2U corresponds to audio data recorded on a custom- 
ary compact disc. The second data D2L is the supple- 
mentary data to the first data D2U and may, for 
example, be audio data of the high frequency range not 
contained in the first data D2U. 

[0039] A data processing circuit 1 2 is fed with TOG 



(table-of-contents) data, recorded on a lead-in area of 
an optical disc, and processes this TOG data in accord- 
ance with the format prescribed for a customary com- 
pact disc. This permits the data processing circuit 12 to 
5 generate and output channel data corresponding to the 
bit string. 

[0040] To the TOC data, thus recorded, there are 
allocated disc discrimination data ID indtoating that the 
optical disc has recorded thereon audio data 02L con- 

10 taintng second data 02U as audio data of the high fre- 
quency range and copy discrimination data IG indicating 
that the optical disc is an original opticaJ disc prepared 
from a mother disc. By recording the discrimination data 
ID. it becomes possible to detect the discrimination data 

15 ID at the time of reproduction to render it possible to 
reproduce audio data DA, processed as upper 1 6 bits 
and lower 2 bits, based on the detected results. It is also 
possible to discriminate, based on the copy discrimina- 
tion data IG. whether or not the optical disc is one com- 

20 prising audio data DA copied from an original optical 
disc. 

[0041] In a similar manner, the data processing cir- 
cuit 1 2 processes the first data D2U, outputted from the 
bit operating unit 1 1 . in accordance with the format pre- 

25 scribed for the customary compact disc, to generate 
and output channel data 03 corresponding to the pit 
string. The channel data 03 corresponding to the pit 
string is generated and outputted. That is, the data 
processing circuit 1 2 appends an error correction code 

30 to the first data D2U to interieave the resulting data to 
EFM to demodulate the processed results. In tiiis EFM 
modulation, the data processing circuit 12 generates 14 
channel bits by periods 1 4 times the basic period T, from 
each byte of the fir^st data 02U, as shown in Fig.2A, and 

35 connects bye 1 4-bit data w'rth 3 connecting channel bits. 
The data processing circuit 12 NRZI-modulates this 
serial data string to generate channel data 03. as 
shown in Fig.2B. Meanwhile, in the customary compact 
disc, the laser beam L is on/off controlled responsive to 

40 the channel data 03 to produce a pit string with a pit 
width of 0.5 (im. 

[0042] Moreover, the data processing circuit 1 2 per- 
forms processing corresponding to the processing unit 
of the first data D2U of the upper-order 1 6 bits to add an 

45 error correction code to the lower 2-bit second data 
D2L. The data processing circuit 1 2 then interieaves the 
resulting data to convert the Interleaved data Into serial 
data. At this time, the data processing circuit 12 
appends an error correction code by applying 4-bit- 

50 based simply parity. That is, the data processing circuit 
12 collects audio data made up of the upper order first 
data 02U and the lower order second data 02L, in 
terms of 4 bits as a unit, to generate a block composed 
of six data (24 bits) to append a 4-bit parity to each 

55 block. The data processing circuit 12 interleaves each 
block comprising the six data (24 bits) and a single par- 
ity (4 bits) and appends a 4-bit parity to the interieaved 
block. 
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ing a track made up of a plurality of pits formed based 
on the first data recorded and lands defined between 
neighboring pits, with the plural bits being deformed 
based on second data, with the optical recording 
medium having discriminating data recorded thereon, 
and demodulating the second data based on playback 
signals of data read out from the optical recording 
medium based on the results of discrimination of the 
discrimination data read out from the optical recording 
medium. If the discriminating data recorded on the opti- 
cal recording medium indicates that the second data 
has been recorded on the optical recording medium, the 
second data is demodulated based on the data read out 
from the optical recording medium. 
[0029] Other objects and advantages of the present 
invention will become apparent from the following 
description which is made with reference to the accom- 
panying drawings. 

Brief Description of the Drawings 

[0030] 

Fig.1 is a block diagram showing a recording appa- 
ratus for an optica! disc according to the present 
invention, 

Figs.2A to 2D are diagrammatic views showing the 
structure of a track in which are formed pits formed 
in an optical disc prepared by the recording appara- 
tus according to the present Invention. 

ng.3 is a block diagram showing a disc reproduced 
device used for reproduced an optical disc accord- 
ing to the present invention. 

Figs.4A and 4B show playback data reproduced by 
the disc reproducing apparatus shown in Flg.3. 

Figs.SA to 5D show the structure of a track contain- 
ing pits formed in an optical disc reproduced by the 
disc reproducing apparatus shown in Fig.3. 

Rgs.6Ato 6D show the structure of a track contain- 
ing pits formed in an optical disc according to a sec- 
ond embodiment of the present invention. 

Figs.7A and 78 are plan views showing the struc- 
ture of pits formed in an optical disc according to a 
fourth embodiment of the present invention. 

Figs.SA and 8B are plan views showing the struc- 
ture of pits formed in an optical disc according to a 
sixth embodiment of the present invention. 

Figs.SA and 9B are plan views showing the struc- 
ture of pits formed in an optical disc according to a 
seventh embodiment of the present invention. 



Figs.lOA and ICS are plan views showing the 
structure of pits formed in an optical disc according 
to an eighth embodiment of the present invention. 

5 Rg.1 1 is a block diagram showing a photodetector 

constituting an optical pickup used in a disc repro- 
ducing apparatus according to the present inven- 
tion. 

10 Rgs.12A to 12E are plan views showing the struc- 
ture of pits formed in an optical disc according to a 
ninth embodiment of the present invention. 

Rgs.lSA and 13B are plan views showing the 
15 structure of pits formed in an optical disc according 
to a tenth embodiment of the present invention. 

Rgs.14A and 14B are plan views showing the 
structure of pits formed in an optical disc according 
20 to an eleventh embodiment of the present inven- 
tion. 

Rg.15 is a plan view showing the structure of pits 
formed in an optical disc according to a further 
25 embodiment of the present invention. 

Rg.16 is a plan view showing how a mid portion in 
the longitudinal direction of a pit formed in an opti- 
cal disc according to the present invention has 
30 been deformed into second data, 

Rg.1 7 shows a playback output obtained on repro- 
ducing the optical disc shown in Rg.1 6. 

35 Rg.1 8 is a perspective view showing an optical disc 
according to the present invention. 

Best mode for Carrying out the Invention 

40 [0031] Referring to the drawings, an optical record- 
ing medium, a recording method and apparatus for 
recording the optical recording medium and a method 
and apparatus for reproducing an optical recording 
medium are hereinafter explained in detail. 

45 

(1 ) Recording apparatus 

[0032] A recording device for recording data on an 
optical recording medium according to the present 

50 invention is first explained. 

[0033] This recording device is used for fabricating 
an optical disc as an optical recording medium accord- 
ing to the present invention. For fabricating the optical 
disc according to the present invention, a master disc 2, 

55 exposed to light by the recording device 1 shown in Fig. 
1. is developed and processed with electrofonming to 
produce a mother disc, which then is used for producing 
the optical disc. In forming the optical disc, a stamper is 
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formed from a mother disc and a metal mold devic car- 
rying this stamper is used to mold a disc substrate. A 
reflective film then Is deposited on the molded disc sub- 
strate to deposit a reflectiv film. 
[0034] A master disc 2. exposed to light using the 
recording device shown in Fig.1 , is prepared by coating 
a light sensitizer on a flat glass substrate. The master 
disc 2 is loaded on a spindle motor 3 and run In rotation 
at a constant rpm by the spindle motor 3 being driven 
rotationally under control by a spindle servo circuit 4. At 
this time, the spindle motor 3 generates an FG signal 
FG the signal level of which rises at an interval of a pre- 
set rotational angle by an FG signal generator provided 
on its bottom. The spindle servo circuit 4 drives the spin- 
dle motor 3 so that the FG signal FG will be of a pre-set 
frequency, thereby causing the master disc 2 to run in 
rotation at a constant linear velocity. 
[0035] A recording laser 5 is constructed by e.g., a 
gas laser, and radiates a laser beam of a pre-set light 
volume. A light modulator 6 is constituted by an electro- 
acoustic optical element and is adapted for intensity 
modulating the laser beam L Incident from the recording 
laser 5 in keeping with a driving signal S3 to raise this 
laser beam L intermittently responsive to the rise of the 
signal level of the driving signal S3. The light modulator 
6 changes the light volume of the laser beam U raised 
in this manner, responsive to the signal level of the driv- 
ing signal. 

[0036] A min-or 8 warps the light path of the laser 
beam L to radiate the light towards the master disc 2. An 
objective lens 9 converges the reflected light of the mir- 
ror 8 onto the recording surface of the master disc 2. 
The mirror 8 and the objective lens 9 are sequentially 
fed in the radial direction of the master disc 2, t>y a sled 
mechanism, not shown, in synchronism with rotation of 
the master disc 2. As the minror 8 and the objective lens 
9 are fed, the optical disc recording device 1 sequen- 
tially displaces the light converging position of the laser 
beam L from the inner rim towards the outer rim of the 
master disc 2 to fomn a spirally or concentrically extend- 
ing track on the master disc 2. At this time, a pit string 
made up of plural pits corresponding to modulating sig- 
nals is formed on this track. This pit string is modulated 
in width by the modulating signal S3. 
[0037] An analog/digital (A/D) conversion circuit 10 
analog/digital converts an audio signal SA supplied 
from a pre-set music source to output 18-btt parallel 
audio data OA having the sampling frequency OA of 
44.1 kHz. 

[0038] A bit operating unit 1 1 splits the 18-bit paral- 
lel audio data OA into upper-order 16-bit first data D2U 
and lower-order 2-bit second data 02L. The first data 
02U corresponds to audio data recorded on a custom- 
ary compact disc. The second data 02 L is the supple- 
mentary data to the first data 02U and may, for 
example, be audio data of the high frequency range not 
contained in the first data 02 U. 

[0039] A data processing circuit 1 2 is fed with TOC 



(table-of -contents) data, recorded on a lead-in area of 
an optical disc, and processes this TOC data in accord- 
ance with the format prescribed for a customary com- 
pact disc. This permits the data processing circuit 1 2 to 
5 generate and output channel data corresponding to the 
bit string. 

[0040] To the TOC data, thus recorded, there are 
allocated disc discrimination data ID indicating that the 
optical disc has recorded thereon audio data 02L con- 

10 taining second data D2U as audio data of the high fre- 
quency range and copy discrimination data IC indicating 
that the optical disc is an original optical disc prepared 
from a mother disc. By recording the discrimination data 
to, it becomes possible to detect the discrimination data 

15 ID at the time of reproduction to render it possible to 
reproduce audio data OA, processed as upper 1 6 bits 
and tower 2 bits, based on the detected results. It Is also 
possible to discriminate, based on the copy discrimina- 
tion data IC. whether or not the optical disc is one com- 

20 prising audio data OA copied from an original optical 
disc. 

[0041] In a similar manner, the data processing cir- 
cuit 1 2 processes the first data 02U, outputted from the 
bit operating unit 11 , in accordance with the format pre- 

25 scribed for the customary compact disc, to generate 
and output channel data 03 corresponding to the pit 
string. The channel data 03 corresponding to the pit 
string is generated and outputted. That Is, the data 
processing circuit 12 appends an en-or con-ection code 

30 to the first data D2U to interieave the resulting data to 
EFM to demodulate the processed results. In this EFM 
modulation, the data processing circuit 12 generates 14 
channel bits tDy periods 1 4 times the basic period T. from 
each byte of the first data 02LI, as shown in Rg.2A. and 

35 connects bye 1 4-bit data with 3 connecting channel bits. 
The data processing circuit 12 NRZI-modulates this 
serial data string to generate channel data D3. as 
shown in Fig.2B. Meanwhile, in the customary compact 
disc, the laser beam L is on/off controlled responsive to 

40 the channel data 03 to produce a pit string with a pit 
width of 0.5 \im, 

[0042] Moreover, the data processing circuit 1 2 per- 
forms processing corresponding to the processing unit 
of the first data 02U of the upper-order 1 6 bits to add an 

45 error correction code to the lower 2-bit second data 
D2L. The data processing circuit 1 2 then interieaves the 
resulting data to convert the Interieaved data Into serial 
data. At this time, the data processing circuit 12 
appends an error correction code by applying 4-bit- 

50 based simply parity. That is, the data processing circuit 
12 collects audio data made up of the upper order first 
data 02U and the lower order second data 02L, in 
terms of 4 bits as a unit, to generate a block composed 
of six data (24 bits) to append a 4-bit parity to each 

55 block. The data processing circuit 12 interleaves each 
block comprising the six data (24 bits) and a single par- 
ity (4 bits) and appends a 4-bit parity to the interieaved 
block. 
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[0043] The data processing circuit 12 converts the 
so-generated pit string into a serial data string. Also, for 
the time period since conversion of the logical level of 
the channel data 03 to a logical level corresponding to 
the pit until its conversion to a logical level correspond- 5 
ing to the land formed between the pits, the data 
processing circuit 12 generates and outputs light vol- 
ume control data 04 which sequentially allocates the 
bits of the serial data. 

[0044] A driving circuit 1 3 receives the channel data io 
03 outputted by the data processing circuit 12 to gener- 
ate a driving signal S3 the signal level of which intermit- 
tentty raises the laser beam L in association with the 
logical level of this channel data 03. 

[0045] Wtth the recording device 1, upper 16 bits of is 
the 1 8 bits making up the audio data OA supplied to this 
device 1 are recorded as a pit string made up of plural 
pits Pi on the master disc 2 so that the upper 1 6 bits will 
be reproduced by a disc reproducing device adapted for 
reproducing the customary compact disc. 20 
[0046] The driving circuit 1 3 intermittently raises the 
light beam L by a light volume control data 04 to gener- 
ate the driving signal S3 so that a width W2. equal to the 
length in a direction perpendicular to the track direction, 
will be varied so as to be narrower than a normal width 25 
W-i responsive to the light volume control data 04. This 
records the second data 02L. recorded on the optical 
disc, as variation in the width which Is the length of the 
pit in a direction perpendicular to the track direction. 
[0047] When the light volume control data 04 is jo 
recorded t>y the pit width in this manner, the peak value 
or the bottom value is changed responsive to die light 
volume control data D4. In the present example, the pit 
width is modulated with 0.5±0.1 |im. so that, even rf the 
peak or bottom value ts changed as shown in Figs.2A to 35 
2D, the 16-bit first data D2U will be reproduced with a 
sufficient amplitude allowance in a disc reproducing 
apparatus dedicated to reproduction of the customary 
compact disc. 

40 

(2) Oisc Reproducing Apparatus 

[0O48] A disc reproducing apparatus enabling 
selective reproduction of the optical disc having 
recorded data thereon and the routine compact disc, 45 
according to the present invention, will hereinafter be 
explained. 

[0049] When the optical disc 21 Is loaded on the 
disc reproducing apparatus 20, as shown In Rg.3, the 
present disc reproducing apparatus 20 rotationalty so 
drives the optical disc 21 under a constant linear veloc- 
ity by a spindle motor 22 with the reproducing signal RF 
obtained from the optical pickup 23 as a reference. 
[0050] The optical pickup 23, employed in this disc 
reproducing apparatus 20, illuminates a light beam on ss 
the optical disc 21 by an enclosed semiconductor laser 
used as a light source to receive the return light beam 
reflected from the opticat disc 21 by a pre-set light 



receiving element The optical pk:kup 23 outputs a play- 
back agnal RF the signal level of which is changed 
responsive to the intensity of the return light beam 
received by the light receiving surface of the light receiv- 
ing element. The reproducing signal RF is changed in 
signal level responsive to a pit Pf and a land R^ formed 
on the optical disc 21 . while being changed in peak or 
bottom value in dependence upon the width of the pit 
formed on the optical disc 1 . 

[0051] The RF circuit 24 amplifies the reproducing 
signal Rf at a pre-set gain to output the resulting repro- 
ducing signal Rf. In the initial state, a selection circuit 25 
outputs the reproducing signal Rf. outputted by this RF 
circuit 24, to an EFM (8-14) demodulating circuit 26. 
However, if a disc discriminating circuit 27 detects that 
the loaded optical disc 21 is the optical disc having 
recorded thereon not only the first data 02U but also the 
second data 02U.according to the present invention, 
the selection circuit 25 outputs the reproducing signal Rf 
to an RF level discriminating circuit 28 under control by 
the disc discriminating drcutt 27. 
[0052] If the loaded optical disc 21 is the customary 
optical disc 21, the EFM demodulating circuit 26 bi- 
level-discrimi nates the reproducing signal Rf outputted 
by the RF dncuit 24 to generate playback data. The 
EFM demodulating circuit 26 also EFM demodulates 
the playback data to output the demodulated data. If 
conversely the disc discriminating circuit 27 detects that 
the loaded optical disc 27 ts the optk^al disc according to 
the present invention, the EFM demodulating circuit 26 
EFM-demodulates playback data outputted by the RF 
level discriminating circuit 28, under control by the disc 
discriminating circuit 27. to output the demodulated 
data. Meanwhile, the EFM demodulating circuit 26 out- 
puts playback data corresponding to the repetition of 
pits and lands, no matter whether the loaded optical 
disc 21 is an optical disc according to the present inven- 
tion or a customary compact disc. 
[0053] A CIRC decoder 29 descrambles output 
data of the EFM demodulating dncuit 26 and corrects 
the output data for errors by the error correction code 
appended In recording, to reproduce and output audio 
data 04. With the disc reproducing apparatus 20 
according to the present invention, the audio data 04 is 
outputted in 16 bits, no matter whether the loaded opti- 
cal disc 21 is a customary compact disc or an optical 
disc according to the present Invention, in the same way 
as in signal processing in the disc reproducing device 
dedicated to reproduction of a customary compact disc. 
Directly after loading the optical disc 21 . the reproduc- 
ing signal Rf may be processed in a similar manner 
whereby the variable information recorded in a lead-in 
area of the opftcat disc 21 may be reproduced and out- 
putted to a system controller including the disc discrim- 
inating circuit 27. 

[0054] Similarly to the EFM demodulating circuit 26, 
the RF level discriminating circuit 28 bi-level-discrimi- 
nates the reproducing signal outputted by the RF circuit 
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24 to generate playback data to output the playback 
data to the EFM (8-14) demodulating circuit 26. The 
reproducing signals Rl are derived fronn the optical disc 
21 according to the present invention, in which the pit 
width W is modulated by the second data D2L» so that 
the peak or bottom value is charged in the reproducing 
signal Rf with the pit width W, as shown in Rgs.4A and 
4B- 

[0055] If the pit width W, is 0,6 \im for the quality 
improving data value of logic 1 . with the pit width W2 
being 0.6 jim for the quality improving data value of logic 
0, the bottom value of the reproducing signal Rf is Bh 
and Bl for the pit width Wi of 0.6 urn and 0.4 jim. as 
shown for example in ng.4B, respectively. 
[0056] In this manner, the RF level discriminating 
circuit 28 corrects the threshold value discriminating the 
first data 02U to bl-l eve I -discriminate the reproducing 
signal Rf, so that the result of bi-level discrimination will 
not be affected even if the peak value or the bottom 
value of the reproducing signal Rf is changed. The RF 
level discriminating circuit 28 sequentially detects the 
level of the peak value Bh or the bottom value of the 
reproducing signal Rf to sequentially detect the signal 
level of the reproducing signal Rf at the center of each 
pit. On the other hand, the RF level discriminating circuit 
28 corrects the results of the signal level detection by 
the pit length of the first data D2U obtained on bi-level 
discrimination to nomnalize the results of signal level 
detection responsive only to the pit width. 
[0057] That is, with the pit length of a period approx- 
imately equal to or less than 4T, the reproducing signal 
Rf, modulated based on the second data D2L, has its 
peak or bottom value changed with the period, such 
that, if the pit length Is equal to or longer than 5T, the 
peak or bottom value shows a saturated value, that is 
the level BL. The RF level discriminating circuit 28 mul- 
tiplies the result of signal level detection with a pre-set 
constant consistent with the length of the pit in the 
first data D2U. Specifically, the RF level discriminating 
circuit 28 multiplies the result of signal level detection 
with a pre-set constant proportionate to the length of the 
pit Pi in the first data, such as 1 when the pit length is of 
the period not less than the period 5T or a constant 
inversely proportionate to the pit length when the pit 
length is not less than the period 4T. Specifically, the 
level X of the reproducing signal Rf corresponding to the 
pit length shown in Fig.4B Is normalized to the level Bl. 
The RF level discriminating circuit 28 outputs the result 
of the normalized signal level detection results DP to a 
bi-levet demodulation circuit 30. 

[0058] The bi-level demodulation circuit 30 bi-levei- 
discriminates the normalized signal level detection 
results OP based on a pre-set threshold value, for 
example, an intermediate level THL between the level 
Bl and the level Bh to reproduce second data. Specifi- 
cally, the bi-level demodulation circuit 30 outputs 1 or 0 
as second data when the signal level detection results 
DP is lower or higher than a threshold value THL. 



respectively. 

[0059] An ECC decoder 31 connects payback data 
outputied by the bi-levei demodulation dncult 30 for 
en-ors and de-interieaves the resulting data to repro- 

5 duce and output 2-bit second data D2L(D6). If the 
loaded optical disc 21 is a customary compact disc, and 
the audio data D6 is processed with exdusive-OR in a 
mixer 35 as later explained, 2-bit logic '00*. data is out- 
putted in place of the 2-bit second D2L If the audio data 

10 06 is processed with multiplication in the mixer 35. a 2- 
btt data string by pre-set random numt)er data is 
sequentially outputted. 

[0060] A multiplexer (MUX) 33 appends 2-bit paral- 
lel second data D2L outputted by the ECC decoder 31 

15 to the lower bit side of the 16-bit parallel first data D2U 
outputted by the CIRC decoder 29 to output 1 8-bit par- 
allel audio data. This pemnits the multiplexor (MUX) 33 
to output audio data DA Ex, capable of reproduced the 
high sound quality with a broad frequency range, pro- 

20 vided that the optical disc 21 is an optical disc according 
to the present invention. 

[0061] A mixer (MIX) 35 processes the lower two 
bits of the 16-bit parallel audio data, outputted by the 
CIRC decoder 29, with each bit of the second data 02U 

25 outputted by the ECC decoder 31, by exclusive-OR, to 
output audio data 08 of a narrow frequency range not 
containing the second data D2L outputted by the CIRC 
decoder 29. If data by random number is to be outputted 
by the ECC decoder 31, the mixer 35 multiplies the 

30 lower two bits of the audio data with the random number 
data to output audio data DB not containing the second 
data D2L. 

[0062] The disc discriminating circuit 27 is consti- 
tuted by a system controller, which, when the optrcal 

35 disc 21 is loaded, performs a seek operation of scan- 
ning the inner and outer rims of the optical disc 21 at a 
high speed, by way of seeking, to acquire the informa- 
tion concerning the number of musical airs or die play- 
ing time, recorded on the optical disc 21 , to demonstrate 

40 the acquired information on pre-set display means. The 
system controller also acquires disc discrimination data 
ID of the optical disc 21 to verify whether the optical disc 
21 is the customary compact disc or an optical disc 
according to the present invention, in accordance with 

45 the disc discrimination data ID. The disc discriminating 
circuit 27 controls the switching of the contacts of the 
selection circuits 25, 26 based on the discriminated 
results. 

[0063] If. s a result of check obtained on reproduc- 
50 ing the data recorded in a lead-in area of the optical disc 
21 . the disc discriminating circuit 27 has verified that the 
loaded optical disc 21 is the optical disc according to the 
present invention, the disc discriminating circuit 27 
processes the reproducing signal Rf outputted by the 
55 RF circuit 24 by the RF level discriminating circuit 28 to 
reproduce the audio data DAEx of the wide frequency 
range containing the first data D2U and the second data 
D2L. 
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[0084] If the optical disc 21 ts the customary com- 
pact disc, a selection drcu'rt 36 selectively outputs the 
audio data 06, outputted by the CIRC decoder 29, to a 
digital/analog (D/A) conversion circuit 37. If conversely 
the optical disc 21 is an optica) disc having not only the 
first data 02 U but also the second data 02L recorded 
thereon, in accordance with the present invention, the 
selection circuit 36 selectively outputs audio data of a 
wide frequency range, synthesized from the first data 
D2U and the second data D2L outputted by the multi- 
plexor 33. 

[0065] The digital/analog conversion circuit 37 dig- 
ital-to-analog converts the audio data outputted by the 
selection circuit 36 to output audio data SA by analog 
signals. Thus, with the playback sound quality by analog 
signals, if the disc is the customary compact disc, the 
disc reproducing apparatus 20 selectively processes 
the audio data 06 outputted by the CIRC decoder 29 to 
reproduce the sound with the sound quality equivalent 
to the conventional 1 6-bit sound quality, indicated as CO 
sound quality in Table 1. whereas, if the disc is the opti- 
cal disc 21 according to the present Invention, the disc 
reproducing apparatus 20 selectively processes the 1 8- 
bit equivalent audio data OAEx of a broad frequency 
range, indicated as ExCD sound quality in Table 1 , syn- 
thesized from the first data D2U and the second data 
D2L outputted by the multiplexor 33. 
[0066] In a conventional disc reproducing appara- 
tus, dedicated to reproduction of the customary com- 
pact disc, the audio data 06, outputted by the CIRC 
decoder 29, is outputted without the intermediary of the 
mixer 35, so that the conventional disc reproducing 
apparatus reproduces the audio data recorded on the 
customary compact disc and on the optical disc of the 
present invention with the CD sound quality comparable 
to that of the customary compact disc. 
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[0067] An interface (t/F) 38 constitutes an input/out- 
put circuit for transmitting/receiving variable data with 
an external equipment etc to output audio data to a per- 
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sonal computer in accordance with th SCMS format or 
to transmit/receive variable data relevant to audio data. 
[0066] Similarty to the disc discriminating circuit 27, 
an external equipment discriminating unit 39 is consti- 
tuted by a system controller of the present disc repro- 
ducing apparatus 20 and executes pre-set authorization 
processing with an external equipment through an inter- 
face 38. In this authorization processing, the external 
equipment discriminating unit 39 sends pre-set data to 
the extemal equipment and. subject to the response 
from the extemal equipment to this data, verifies 
whether or not the computer connected to the Interface 
38 is an authentic equipment which inhibits second 
duplication of the audio data recorded on the optical 
disc 1 to protect the copyright 

[0069] The equipment which protects the copyright 
is such an equipment having the function of inhibiting 
so-called second copying by re-duplicating a whole 
copy once obtained from data containing the audio data 
recorded on the optical disc. If the external equipment is 
a personal computer and an optical disc which has 
duplicated the audio data outputted from the disc repro- 
ducing apparatus 20 is to be prepared, this personal 
computer is the equipment protecting the copyright if it 
has the function of correctly setting the duplication dis- 
criminating data IC- This computer is shown in Table 1 
as being a second duplication inhibiting PC in contradis- 
tinction from a conventional personal computer 
[0070] A selection circuit 40 operates, based on the 
results of discrimination of the external equipment dis- 
criminating unit 39. so that if the external equipment is 
an authentic equipment inhibiting second duplication of 
audio data recorded on the optical disc, the selection 
circuit 40 selectively outputs audio data outputted by the 
selection circuit 36. whereas, if the external equipment 
is not an equipment not having the function of inhibiting 
second duplication of audio data, the selection circuit 40 
selectively outputs audio data DB outputted by the 
mixer 35. Thus, if the extemal equipment is an authentic 
equipment inhibiting second duplication, and the optical 
disc 21 is a customary compact disc, tiie selection cir- 
cuit 40 outputs audio data of the 1 6-bit equivalent sound 
quality, whereas, if the optical disc 21 is the customary 
compact disc or the optical disc according to the present 
invention, only data corresponding to the first data D2U 
having the 1 6-bit equivalent sound quality may be out- 
putted. For a customary compact disc, audio data by the 
16-bit equivalent sound quality may be outputted, as in 
the conventional equipment The sound quality in such 
case is indicated as the FM sound quality in Table 1 . 
[0071] Meanwhile, if the external equipment is an 
authentic equipment inhibiting second duplication, the 
present disc reproducing apparatus 20 is able to switch 
the contacts of the selection circuit 36 in an interiocked 
relation to die selection circuit 40 to output 16-bit equiv- 
alent audio data equivalent to the audio data recorded 
on the customary compact disc. 



(3) Data Recording Operation and Audio Reprodudng 
Operation by a Recording Device 

[0072] For producing an optical disc according to 

5 the present invention, using the recording device 1. 
shown in Fig. 1 . the audio signals SA for recording, sup- 
plied to the recording device 1 , is converted by an ana- 
log/digital conversion circuit 10 into 18-bit audio data 
DA, which audio data DA is split by the bit operating unit 

10 1 1 into the first data 02U by upper 1 6 bits and the sec- 
ond data D2L by the lower 2 bits. To the first data D2U 
by the upper 16 bits, an error correction code is 
appended In the same way as in preparing the custom- 
ary compact disc, by the data processing circuit 12. The 

75 resulting data is interieaved and modulated by EFM. 
The 14-channel bit data by the EFM modulated data, 
produced as described above, are connected by con- 
necting bits of 3 channel bits to generate channel data 
D3. The first data D2U by the upper 1 6 bits are recorded 

20 on the optical disc as a repetition of pits and lands 
R^, by the light beam L being turned on and off by the 
channel data D3 to sequentially expose the master disc 
2 to light 

[0073] The first data D2U. made up of upper 1 6 bits. 

25 is recorded on the optical disc as data reproducible by 
the disc reproducing device adapted for exclusively 
reproducing the customary compact disc. 
[0074] On the other hand, the audio data D2L of the 
lower 2 bits are collected in terms of 4 bits as a unit as 

30 audio data of the frequency range higher than that of the 
first data D2U to form a block composed of six data (24 
bits). A 4-bit parity is appended to each block. Each 
block composed of 6 data (24 bits) and a single parity (4 
bits) are interieaved and a 4-bit parity is appended to 

35 the interieaved data. 

[0075] The audio data D2L of the lower 2 bits, to 
which the error conrection code hsis been appended as 
described above, are interieaved and substantially con- 
verted into serial data D4. The serial data then is allot- 

40 ted to pits so that each bit of the serial data D4 is in 
association with one pit The light volume of the light 
beam L is switched depending on the logical level of the 
serial data during the time period the master disc 2 is 
exposed to light. In this manner, the second data D2L, 

45 which enlarges the playback frequency range by the 
lower two bits, is sequentially recorded on the optical 
disc by changes In the pit width W, as shown In Rgs^A 
to 2D. 

[0076] In exposing the master disc 2 to light in this 
50 manner, a lead-in area is formed by TOC data outputted 
by a pre-set server. By the disc discrimination data ID, 
allotted to the TOC data, it is possible to discriminate 
whether the optical disc is an optical disc in which 1 8-bit 
audio data has been split into the upper 12 bits and the 
55 lower 2 bits, or a customary compact disc. Similarty, by 
the copy discrimination data IC, it is similarly possible to 
discriminate whether the optical disc is an original opti- 
cal disc or an optical disc on which audio data has once 
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been duplicated. 

[0077] Wrth the optical disc 21 , thus prepared, play- 
back signals detected by the optical pickup 23 are 
annplified by an RF circuit 24 and demodulated by the 
EFM demodulating circuit 26 to generate playback data s 
which then is descrambled and corrected for errors to 
reproduce 16-bit audio data 06. 
[0078] In a disc reproducing apparatus for repro- 
ducing the customary compact disc, the audio data 06 
outputted by the CIRC decoder 29 is outputted to an io 
external equipment, while being outputted as converted 
analog signals. In this manner. 16-bit audio data is out- 
putted directly or as converted analog signals, when the 
customary compact disc is loaded on a disc reproduc- 
ing apparatus adapted for exclusively reproducing the is 
customary compact disc, or when an optical disc having 
recorded thereon the first data 02U and the second 
data 02L according to the present invention is loaded 
thereon. 

[0079] An optical disc according to the present 20 
invention can also be reproduced by a disc reproducing 
apparatus adapted for exclusively reproducing the cus- 
tomary compact disc, thus assuring lower compatibility 
with respect to the disc reproducing apparatus adapted 
for exclusively reproducing the customary compact disc, es 
[0080] In the disc reproducing apparatus 20 capa- 
ble of reproducing the optical disc according to the 
present invention, the disc discrimination data ID is 
detected from the TOC data of the lead-in area. From 
this disc discrimination data 10, it can be discriminated 30 
whether the loaded optical disc 21 is the customary 
compact disc or the optical disc according to the present 
Invention. 

[0081] . When the customary compact disc is 
loaded, the 1 6-bit audio data 06 outputted by the CIRC 35 
decoder 29 is inputted to the digital/analog conversion 
circuit 37 through the selection circuit 36 where the 
audio data is converted into audio signals SA by analog 
signals. Thus, when the customary compact disc is 
loaded on the disc reproducing apparatus 20, audio sig- 4o 
nals are reproduced with the 16-bit equivalent sound 
quality, as conventionally. 

[0082] When the optical disc, having recorded ther- 
eon the first data D2U and the second data D2L. is 
loaded, the reproducing signal Rf outputted by the 4S 
reproducing signal Rf is inputted through the selection 
circuit 25 to the RF level discriminating circuit 28 where 
the playback data by the repetition of pits and lands are 
detected. The playback data is processed in a similar 
manner to the case of processing the playback data of so 
the customary compact disc to output the 16-bit first 
data D2U from the CIRC decoder 29. 
[0083] In the RF level discriminating circuit 28, the 
peak or bottom value of the reproducing signal Rf corre- 
sponding to the mid point of the pit is detected. From the ss 
result of the signal level detection, by this peak or bot- 
tom value, the variation by the pit length is corrected, 
and the result of signal level detection OR represented 



by changes in the signal level with the pit width, is 
detected. The result of signal level detection OP is bi- 
level discriminated and playback data by the second 
data D2L of the lower two bits is detected, as shown in 
Figs.4A and 4B. This playback data is corr cted for 
errors by the ECC decoder 31 and deinterleaved and 
the second data D2L of the lower 2 bits is reproduced. 
In the multiplexor 33, the second data D2L of the lower 
2 bits are appended to the lower side of the first data 
D2U of the upper 16 bits, outputted by the CIRC 
decoder 29, to generate the IB-bit audio data DAEx of 
the broad frequency range. On the other hand, the sec- 
ond data 02L is multiplied or EXORed in the mixer 35 
with the lower two bits of the upper 1 6-btt first data 02U 
to generate 16-bit audio data OB of the frequency range 
not containing the high frequency range. 
[0084] In the disc reproducing apparatus 20 of the 
present invention, the audio data OAEx of the broad fre- 
quency range containing the high frequency range is 
outputted by analog signals through the digital/analog 
conversion circuit 37 to reproduce the audio signals 
DAEx enabling the audio reproduction of 18-bit equiva- 
lent high-quality signals. 

[0085] When the disc reproducing apparatus 20 is 
to output the audio data obtained from the customary 
compact disc, or the audio data obtained from the opti- 
cal disc according to the present invention, to an exter- 
nal equipment, authorization processing Is executed 
through the interface 38 with the external equipment to 
verify whether or not the external equipment is an 
equipment which disregards the code by the SCMS. 
such as the customary personal computer. By this deci- 
sion. It is verified whether or not the external equipment 
connected to the disc reproducing apparatus 20 is an 
authentic equipment inhibiting second duplication. If the 
external equipment is the authentic equipment inhibiting 
second duplication, the audio data of the high frequency 
range containing the first data D2U and the second data 
02L outputted by the multiplexor 33 is outputted to the 
external equipment through the selection circuit 36, 
selection circuit 40 and the interface 38. If the loaded 
optical disc is the customary compact disc, the 1 5-bit 
audio data, outputted by the CIRC decoder 29, is out- 
putted to the external equipment through the selection 
circuit 36. selection circuit 40 and the interface 38. In 
this manner, the audio data of the broad frequency 
range containing the high frequency range is outputted 
to the external equipment If this external equipment is 
the authentic equipment inhibiting second dupftcation, 
the audio data, once duplicated, cannot be duplicated 
further to prevent the profits inherent to the copyright 
from being impaired by repeated duplication. 
[0086] If the external equipment connected to the 
disc reproducing apparatus 20 is an equipment not hav- 
ing the function of inhibiting the second duplication, 
audio data DB, deteriorated in sound quality by 
repeated dupfication of audio data a large number of 
times when outputted from the mixer 35. is outputted to 



10 



19 



EP 1 059 632 A1 



20 



the external equipment via the selection circuit 40 and 
the interface 38, such that, if copying of digital signals 
over an unlimited number of times is likely to be allowed, 
audio data deteriorated in the sound quality is output- 
ted, in such a manner that the merit of duplication by 5 
digital signals that repeated dupftcadon does not lead to 
deterioration in the sound quality is not exploited. 
[0087] If the extemal equipment connected to the 
disc reproducing apparatus 20 is such an equipment 
which has the function of inhibiting second duplication, 10 
the copying discrimination data IC is set correctly for the 
duplication in which the audio data of the broad fre- 
quency range containing the high frequency range 
inclusive of the first data D2U and the second data D2L 
is outputted and prepared, so that, when the audio data is 
is reproduced by an equipment different from the 
present disc reproducing apparatus 20, it is possible to 
prevent second duplication of the audio data by e.g., the 
SCMS system, based on this copy discrimination data 
IC, thereby protecting the profits accrued to the copy- 20 
right 

[0088] In the optical disc 21 of the present Inven- 
tion, in which plural bits formed based on the first data 
D2U are deformed in width corresponding to the length 
in the direction perpendicular to the tack direction, 25 
based on the second data 02L, and are recorded as the 
second data D2L. Therefore, if a misconception that the 
external equipment connected to the disc reproducing 
apparatus 20 reproducing the optical disc 21 is the 
authentic equipment having the function of inhibiting the 30 
second duplication is wtllifully produced to output 18-bit 
audio data of the broad frequency range containing the 
high frequency range inclusive of the first data D2U and 
the second data D2L, it becomes difficult to copy the 
entire audio data including the first data 02U and the 35 
second data D2L to render it possible to prevent dupli- 
cation of the audio data which enables audio reproduc- 
tion of the desired broad frequency range. The result is 
that repeated duplication of audio data enabling audio 
reproduction of high sound quality is prohibited to pro- 40 
tect the profits of the copyright owner by dupKication. 
[0089] VSnth the optical disc according to the present 
invention, the audio data DA by 18 bits is split into the 
first data D2U by the upper 1 6 bits and the second data 
D2L by the lower 2 bits, the first data D2U by the upper 45 
16 bits is recorded by repetition of pits and lands 
between the pits P^, while the second data D2L is 
recorded by lower two bits by changes in the pit width, 
whereby it is possible to furnish high-quality audio sig- 
nals enabling reproduction of the broad frequency so 
range containing the high frequency range as well as 
reproduction by a disc reproduction apparatus adapted 
for exclusively reproducing the customary compact disc. 
In addition, it is possible to prevent repeated duplication 
of audio data DAEx enabling the high quality audio 55 
reproduction, 

[0090] In addition, by discriminating whether or not 
the external equipment connected to the disc reproduc- 



ing apparatus 20 has the function of inhibiting the sec- 
ond duplication, and by outputting audio data containing 
only the first data 02U by the upper 1 6 bits or audio data 
containing both the first data D2U and the second data 
D2L, it is possible to prevent repeated duplication of the 
audo data DAEx which enables reproduction of the high 
sound quality audio signals. 

[0091] Furthemnore, if. in reproducing the optical 
disc according to the present invention by a disc repro- 
ducing apparatus, the audio reproduction obtained on 
reproducing the first data D2U by the second data D2L 
is rdeteriorated in sound quality, it is similarly possible to 
protect the profits of the copyright owner by duplication 
of the audio data DAEx which enables audio reproduc- 
tion of desired high sound quality. 

(4) Second Embodiment 

[0092] In the present embodiment, as in the previ-. 
ous first embodiment, 18-bit audio data is split into first 
data D2U of upper 1 6 bits and second data D2L of lower 
2 bits, the first data D2U of the upper 1 6 bits are proc- 
essed identically as in the customary compact disc and 
recorded by lands Ri between plural pits P^, whilst the 
second data D2L of the lower 2 bits are recorded by var- 
ying the length P^ in the track direction of the pit P^ from 
the normal length. 

[0093] In the present embodiment, the above- 
described recording device 1 and the disc reproducing 
apparatus 20 may be used except recording the second 
data D2L on the optical disc by varying the width W 
which is the length in the direction perpendicular to the 
track direction. Therefore, the recording device 1 and 
the disc reproducing apparatus 20 are explained with 
reference to Rgs.1 and 3, respectively. 
[0094] In the recording device 1, used here, a data 
processing circuit 2 appends an error correction code to 
the second data D2L of the lower bits and interieaves 
the resulting data to generate a serial data string, as in 
the first embodiment described above. The data 
processing circuit 2 generates and outputs pit length 
control data D4, In which respective bits of the serial 
data are sequentially allotted to a time period as from 
the time the logical level of a channel data D3 is 
switched to the logical level corresponding to the pit until 
it is switched to the logical level corresponding to the 
land. 

[0095] A driving circuit 3 is fed with channel data 
D3, outputted from the data processing circuit 2, and 
generates a driving signal S3, the signal level of which 
corresponding to the logical level of the channel data D3 
rises intermittently. At this time, the driving circuit 3 
drives a monovibrator by a pit length control data 04 
and generates a driving signal S3 by the resulting timing 
signal and the channel data D3 so that the pit length will 
be changed depending on the logical level of the pit 
length control data D4, with a time period sufficiently 
shorter than the 1/2 period of the channel data D3, as 
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shown in Rgs.SA to 5D. as a unit. The variation of the pit 
length is set to enable processing of the reproducing 
signal Rf with a sufficient phase allowance even by a 
disc reproducing device adapted for exclusively repro- 
ducing the customary compact disc. In the present 
embodiment, the pit length variation is set so that the pit 
length will be varied by ±0.1 iim, depending on the pit 
length control data 04, so that the pit length will be 
increased or decreased about the length at the bit cell 
boundary as the reference length as center. 
[0096] By slightly changing the length P^i in the 
track direction of the pit recorded based on the first data 
D2U from the normal length P|_, the second data D2L of 
the frequency range higher than the frequency range of 
the first data D2U is recorded on the optical disc. 
[0097] If, when the optical disc 21, having recorded 
thereon the second data D2L by slightly changing the 
length Pli in the track direction of the pit P^ from the 
nonmal length Pl, is loaded on the disc reproducing 
apparatus and reproduced, the reproducing signal Rf is 
bi-leve!-discriminated with a pre-set threshold value, the 
time period in register with the pit P^ in which the signal 
level is decaying or the time period in register with the 
pit P^ in whch the signal level is rising is varied depend- 
ing on the logical level of the pit length control data D4. 
Altematively. In the reproducing signal level or the logi- 
cal level of the bi-level signal, obtained on sequentially 
sampling the rising or falling edge of the bi-ievel signal, 
the signal level or the logical level of a timing corre- 
sponding to the trailing edge of the pit P,, with respect 
to the channel clock as a reference, is varied depending 
on the logical level of the pit length control data D4. The 
length In the track direction of the pit P^ in the optical 
disc 21 is slightly changed from its nomnal length, by 
time measurement of the bt-level signal or the logical 
level of the reproducing signal level or the bi-level signal, 
with the clock signal as a reference, to reproduce the 
second data D2L 

[0098] Based on this detection principle, the RF 
level discriminating circuit 28 and the bi-level demodula- 
tion circuit 30 bi-level-discriminates the reproducing sig- 
nal Rf, using channel clocks reproduced from the 
reproducing signal Rf as in the EFM demodulating cir- 
cuit in the disc reproducing apparatus configured for 
exclusively reproducing the customary compact disc, as 
a reference, to generate playback data, while detecting 
from the reproducing signal Rf the second data D2L 
enabling reproduction of a broad frequency range con- 
taining a frequency range higher than the reproducing 
signal Rf. That Is, the RF level discriminating circuit 28 
binary-codes the reproducing signal Rf at a pre-set 
threshold to generate bi-level signals and outputs time 
measurement resutts of the bi-level signals to the bi- 
level demodulation circuit 30. Alternatively, the RF level 
discriminating circuit 28 sequentially detects the signal 
level of the reproducing signal Rf or the logical level of 
the bi-level signals, with the channel clocks as the refer- 
ence, and outputs, from the result of the detection, the 



result of signal level detection DP or the result of logical 
level detection DP of a timing corresponding to the trail- 
ing edge. 

[0099] The bi-level demodulation circuit 30 verifies 
5 the output results of the RF level discriminating circuit 
28 to detect the playback data of the second data D2L 
containing the high frequency range. 
[0100] With the optteal disc 21 of the present 
embodiment, the results similar to those of the above- 
to described first embodiment can be achieved if. by 
slightiy changing the length in the track direction of a pit 
recorded based on the first data D2U from its normal 
length, recording is made of the second data D2L of a 
frequency range higher than the frequency range of the 
15 first data D2U. By changing the length in the track direc- 
tion of the pits by increasing/decreasing a length cen- 
tered about the length up to a point corresponding to the 
pit cell boundary, the effect of jitter during reproduction 
can be decreased to a practically sufficient level. 

20 

(5) Third Embodiment 

[0101] With an optical disc 21 of the present 
embodiment the 18-bit audio data are split into upper 

25 1 6-bit first data D2U and lower 2-bit second data D2L. 
and the upper 1 6-bit first data D2U are processed as in 
the customary compact disc and recorded as a string of 
plural pits P^. as tn the above-described first embodi- 
ment, whilst the lower 2-bit second data D2L are 

30 recorded by varying the depth Pqi of the pit P^ from the 
normal depth Po 

[0102] In the recording device 1 used for preparing 
the optical disc 21 . the resist is selected so that the 
degree of light exposure will be changed mainly in the 
35 depth-wise direction of the pit by changes in the light 
volume of the laser beam L. 

[0103] By recording the second data D2L as the 
depth of pit formed in the optical disc 21 is changed 
from the normal depth, the peak or bottom value is 

40 changed, responsive to the second data D2L, when the 
data recorded on the optical disc 21 is reproduced, as in 
the first embodiment described above. In the present 
embodiment tiie second data .D2L is recorded as the 
depth is changed from the normal depth Pq to a depth 
Poi ^ ±0.01 ^im, so that, even when the peak or bottom 
value is changed in this manner, audio data correspond- 
ing to the upper 1 6-bit first data D2U will be reproduced 
with a sufficient amplitude allowance in the disc repro- 
duction apparatus used exclusively for reproducing the 

50 customary compact disc. 

[0104] if the second data D2L is recorded as the 
depth of the pit Pi is changed from the nonnal depth Pq, 
the playback signals obtained on reproducing tiie opti- 
cal disc 21 are changed in the peak or bottom value 

55 responsive to the second data D2L as in the first 
embodiment so that it is possible to selectively process 
the audio data DAEx synthesized from the first data 
D2U and the second data D2L outputted by the multi- 
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plexor 33 by the disc reproducing apparatus 20 of the 
present invention shown in Rg.3 to nnake audio repro- 
duction with the high sound quality (ExCD sound qual- 
ity) covering th frequency range equivalent to 18 bits. 

(6) Fourth Embodiment 

[01051 With the present embodiment of the optical 
disc, similarly to the above-described first embodiment, 
the upper 1 6-bit first data D2U of the 1 8-bit audio data is 
processed in the same way as in the custom£iry com- 
pact disc and recorded as plural pits P^, whilst the lower 
2-bit second data D2L is recorded by changing a width 
W3 of the pit which is the length perpendicular to the 
length in the track direction of the pit P^. By the pit width 
being changed with the second data D2U a pit with a 
length longer than a pre-set length, such as a pit not 
shorter than 5T. is selectively used, and a 1 -bit data is 
allotted to the former and latter halves from the center 
pQ of the pit P-i to change the pit width W4, as shown in 
Rgs.7A and 7B. 

[0106] The optical disc of the present embodiment 
is similar to the optteal disc of the first embodiment, 
except the difference in timing in modulating the pit 
width W3. Therefore, the optical disc of the present 
embodiment can be prepared, using the recording 
device 1 shown in Fig. 1. while the optical disc can be 
reproduced using the disc reproducing apparatus 20 
shown in Rg.S. 

[0107] In the recording device 1. an error correction 
code is appended to the lower 2-bit second data D2L 
and the resulting data is intereleaved to form a serial 
data string, by the data processing circuit 1 2, as in the 
first embodiment described above. The data processing 
circuit 12 monitors the logical level of a sustained pit P^ 
in the channel data D3 to detect the timing correspond- 
ing to the pit Pi having a length not less than a preset 
length, such as 5T or longer. This data processing cir- 
cuit 12 allots each 1 bit data to the fomier and latter 
halves in the track direction of the pit not less than the 
pre-set length to generate and output the tight volume 
control data 04. 

[0108] In the disc reproducing apparatus 20 for 
reproducing the optical disc, shown in Fig.3. the repro- 
ducing signal Rf is bi-level-discriminated, with the chan- 
nel clocks regenerated by the reproducing signal Rf as 
reference, by signal processing similar to that per- 
formed by the EFM demodulation drcutt in the disc 
reproducing apparatus exclusively reproducing the cus- 
tomary compact disc, to generate playback data, whteh 
is outputted to the EFM demodulating circuit 26. 
[01 09] The RF level discriminating circuit 28 detects 
from the playback data the signal level decay or rise tim- 
ing for longer than a pre-set period to detect the pit P, in 
which is recorded the second data D2L of a frequency 
range higher than the frequency range of the first data 
D2U. The RF level discriminating circuit 28 then detects 
the signal level of the reproducing signal Rf at a pre-set 



timing In the former and latter portions in the track direc- 
tion as from the lengthwise center in the track direction 
of the pit Pi . The RF level discriminating circuit 28 out- 
puts the result of signal level detection DP of the repro- 
5 ducing signal Rf to the next following hi-level 
demodulation circuit 30, which then verifies the output 
result of the RF level discriminating circuit 28 to detect 
the playback data of the high frequency range second 
data D2L. 

10 [0110] With the optical disc of the present embodi- 
ment, the result similar to that of the above-described 
first embodiment is achieved when the lower 2-bit sec- 
ond data D2L is recorded by changes in the pit width W4 
of the pit P-t of a length not less than a preset length to 

15 the former and latter portions of which are each allotted 
one bit 

(7) Frfth Embodiment 

20 [0111] In the optk^l disc of the present embodi- 
ment, the upper 16-bit first data 02U of the 1 8-bit audio 
data are processed as in the customary compact disc 
and thereby recorded as a string of plural pits P^, while 
the lower 2-bit second data D2L is recorded as the 

25 depth Pqi of the pit P^ recorded on the optfeal disc is 
varied from its normal depth Pq. As the pit Pi, the nor- 
mal depth Pq of which is changed by this second data 
D2U a pit having a duration not less than a pre-set 
length, such as 5T or longer, is selected, and each 1 -bit 

30 is allocated and recorded as the normal depth is 
changed in the former and latter portions as from the 
center of the pit P^. 

[0112] The optical disc of the present embodiment 
also is fonned using the recording device 1 shown in 
35 Rg. 1 and is reproduced using the disc reproducing 
apparatus 20 shown in Rg.3. 

[0113] For recording the second data 02L on the 
second embodiment of the optical disc, using the 
recording device shown in Rg.1, the light volume of the 
40 laser beam L is controlled, whilst the depth Pqi of the pit 
P^ is varied from its normal depth t>y selective light 
exposure In the depth-wise direction made possible by 
resist selection. 

[0114] By reproducing the optical disc using the 
45 disc reproducing apparatus shown In Rg.3. the audio 
data DAEx synthesized from the first data D2U and the 
second data D2L can be selectively processed to effect 
audio reproduction with a high sound quality (ExCO 
sound quality) with a frequency range equivalent to 18 
50 bits. 

(8) Sixth Embodiment 

[0115] In the optteal disc of the present embodi- 
55 ment. the upper 16-bit first data 02U of the 18-bit audio 
data are processed as in the customary compact disc 
and thereby recorded as a string of plural pits P^, while 
the lower 2-bit second data D2L is recorded by changes 
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in the width W of the pit Pi corresponding to the length 
in the direction perpendicular to the track direction of the 
pit Pi recorded on the optical disc. As the pit P^ the 
width of which is changed based on the second data 
D2U a pit Pi of a length not less than a pre-set length, 
such as a pit Pi not less than 5T. is used, and the sec- 
ond data D2L is recorded by changes in the width of the 
pit Pi from the former half to the latter half as from the 
center in the track direction of the pit P^ 
[0116] Refening to Rgs. 8A and 8B. the pits P^ are 
formed so that, if the logical level is the logical T. the 
width W6 of the pit Pi of the second data D2L is 
increased with the lengthwise mid point in the track 
direction of the pit Pi as a boundary, whereas, if the log- 
ical level is the logk:al "O', the width Wg of the pit P, of 
the second data D2L is decreased with the lengthwise 
mid point in the track direction of the pit Pi as a bound- 
ary. 

(0117] In the recording device 1 for recording data 
on the present embodiment of the optical disc, as in the 
first embodiment described above, an error correction 
code Is appended to the lower 2-b(t second data D2L, 
and the resulting data is interleaved to generate a serial 
data string. Moreover, the data processing circuit 12 
monitors the logteal level of consecutive bits in the chan- 
nel data 03 to detect the timing corresponding to the pit 
Pi of not less than the pre-set length, such as not less 
than ST. This data processing drcuit 1 2 allocates each 
1 bit data to the fomier and latter portions in the track 
direction of the pit Pi of not less than the pre-set length 
to generate and output the light volume control data D4. 
[0118] The RF level discriminating circuit 28 of the 
disc reproducing apparatus 20 for reproducing the opti- 
cal disc, shown in Fig.3, performs signal processing 
similar to that performed by the EFM demodulation cir- 
cuit in the disc reproducing apparatus exclusively repro- 
ducing the customary compact disc to perfonm bi-level 
discrimination of the reproducing signal Rf, with the 
channel clocks reproduced from the reproducing signal 
Rf as reference, to generate playback data , which is 
outputted to the EFM demodulating circuit 26. 
[0119] The RF level discriminating circuit 28 
detects, from the playback data, the timing at whrch the 
signal level rises or decays at a period longer than the 
pre-set period, to detect the pit Pi in which is recorded 
the second data D2L of a frequency range higher than 
the frequency range of the first data D2U to detect the 
signal level of the reproducing signal Rt at a pre-set tim- 
ing before and after the lengthwise center along the 
track of the pit Pi. The RF level discriminating circuit 28 
outputs the result of signal level, detection DP of the 
reproducing signal Rf to the next following bi-level 
demodulation circuit 30. which then verifies the output 
result of the RF level discriminating circuit 28 to detect 
the playback data of the second data D2L of the high 
frequency range. 

[0120] With the optical disc of the present embodi- 
ment, it is possible to achieve the results similar to those 



of the first embodiment if the lower 2-bit second data 
D2L is recorded t>y changes in the pit widths W5, We of 
pits allocated to the former and latter half portions in the 
track direction of the pit Pi of a length not less than the 
5 pre-set length. 

(9) Seventh Embodiment 

[0121] In the present embodiment of the optical 

10 disc, the upper 16-bit first data D2U of the 18-bit audio 
data is processed as in the customary compact disc, 
whilst the lower 2-bit second data 02L is recorded by 
changes in the depth Pq of the pit Pi recorded on the 
optical disc. As the pit having its depth changed based 

J5 on the second data 02L. such a pit having a length not 
less than a pre-set length, such as a pit not less than 5T. 
is used, and the second data 02L is recorded by chang- 
ing the depth from the former to the latter half sides as 
from the center in the track direction of the pit 

20 [0122] The pits of the second data D2L are sequen- 
tially formed so that, if the logical level is "1 \ the depth 
Pqi of the pit Pi will be deeper with the mid portion in 
the lengthwise direction along the track of the pit as the 
boundary, whereas, if the logical level is "0", the depth 

25 Pqi of the pit Pi will be shallower with the mid portion in 
the lengthwise direction along the track of the pit P^ as 
the boundary, as shown in Rg.9. 
[0123] The optical disc of the present embodiment 
can be fomned by employing the recording device 1 

30 shown in Fig.1, whilst it can be reproduced using the 
disc reproducing apparatus 20 shown in Fig.3. 
[0124] For recording the second data D2L on the 
optical disc of the present embodiment, using the 
recording device shown in Rg.1, the light volume of the 

35 laser beam is controlled, whilst the pit depth is changed 
from its normal depth by selective light exposure by 
resist selection. 

[0125] By reproducing the optical disc by the disc 
reproducing apparatus shown in Fig.3, the audio data 
40 DAEx, synthesized from the first data D2U and the sec- 
ond data D2L, can be selectively processed to achieve 
audio reproduction with the high sound quality (ExCD 
sound quality) with the broad frequency range equiva- 
lent to 1 8 bits. 

45 

(1 0) Eighth Embodiment 

[0126] In the optical disc of the present embodi- 
ment, the upper 1 6-bit first data D2U of the 1 8-bit audio 

50 data are processed as in the customary compact disc 
and thereby recorded as a string of plural pits Pi, whilst 
the pit of the track constituted by the plural pits Pi 
recorded on the optical disc and the lands delimited 
between these pits Pi has its length changed from its 

55 normal length in the track direction on the left and right 
sides of the track center Tq as center, to record the sec- 
ond data 02L. as shown in Rgs.lOAand lOB. 
[0127] The pit whose width is changed based on 
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the second data D2L is a pit not shorter than a pre-set 
length, for example, a pit not less than 5T. The second 
data D2L is recorded by changes in pit width from the 
former half to the latter half portions of the pit as from 
the center along the track. That is, the pit in which is 
recorded the second data D2L has the length, along the 
tack changed on the left and right sides of the track 
direction of the pit P^. that is on the inner and outer rims 
of the optical disc. 

[0126] The pits of the second data D2L are fomied 
sequentially so that, if the logical level is "1", the inner 
rim side of the pit is longer in the track direction than its 
outer rim side, as shown in Rg.lOA, whereas, , if the 
logical level is "0", the outer rim side of the pit is longer 
in the track direction than its inner rim side, as shown in 
Fig. 108. 

(0129] In the recording device for recording the sec- 
ond data D2L along with the first data D2U on the opti- 
cal disc, two laser beams L are radiated in the recording 
devkse shown in Fig.1, these twp laser beams L are 
on/off controlled by respective light modulators, and the 
two laser beams outputted by the light modulator are 
incident on the master disc 2 and converged on an 
objective tens 9 so that the inner rim portion and the 
outer rim portion in the track direction of the pit P^ will 
be exposed to light. 

[0130] The recording device, adapted for recording 
not only the first data D2U but also the second data D2L 
on the optfcal disc, according to the present embodi- 
ment appends an error correction code to the second 
data D2L and interieaves the resulting data to generate 
a serial data string. The recording device also on-off 
controls the two light modulators by the channel data D3 
generated from the first data D2U of the upper 16 bits 
and by the serial data string. 

[0131] The disc reproducing apparatus, adapted for 
reproducing the optical disc, on which are recorded not 
only the first data D2U but also the second data D2L. by 
the recording device, illuminates a light beam on the 
optical disc and receives the return light beam reflected 
from the optical disc by a pre-set photodetector pro- 
vided on the optical pickup. 

[0132] Referring to Fig.1 1, the photodetector 82 is 
split in the track direction, corresponding to the track 
extending direction on the optical disc, and in a direction 
perpend cular to the track direction, to define first to 
fourth photodetector portions A to D. The return light 
beam reflected from the optical disc forms a beam spot 
88 about the point of intersection of divison lines of Oie 
first to fourth photodetector portions A to D as center. 
[0133] The photodetector 82 outputs detection out- 
puts SA to SD detected by the first to fourth photodetec- 
tor portions A to D. The disc reproducing device, having 
an optical pickup including this photodetector 82 and 
adapted for reproducing the optical disc according to 
the present invention, processes the detection outputs 
SA to SD, as detected by the first to fourth photodetec- 
tor portions A to D, with cun^ent to voltage conversion. 



and performs processing operations to generate repro- 
ducing signal Rf etc. This disc reproducing device sums 
the detection outputs SA to SD. outputted by the first to 
fourth photodetector portions A to D, by a first adder cir- 

5 cuit 83. to generate reproducing signal Rf. and proc- 
esses the reproducing signal Rf in the same way as the 
customary disc reproducing device used exclusively for 
reproducing the compact disc to reproduce the upper 
16-bit first data D2U recorded by a string of plural pits. 

w [0134] The disc reproducing device according to 
the present invention includes, in addition to the first 
adder circuit second and third adders 84. 85, as shown 
in Fig. 11. These second and third adders 84, 85 sum 
detection outputs SA and SB as detected by the first 

IS and second photodetector portions SA, SB. and detec- 
tion outputs SC and SD as detected by the third and 
fourth photodetector portions SC, SD to produce the 
results of addition SA+SB and SC-t-SD which are sub- 
jected to subtraction in a subtraction circuit 86. By this 

20 signal processing, the disc reproducing device for repro- 
ducing the optfcal disc according to the present inven- 
tion generates a reproducing signal RFD 
(SA+SB-SC-SD ), the signal level of which is changed 
responsive to the shape of the pit P^ whose inner rim 

25 side shape is changed and to the shape of the pit P^ 
whose outer rim side shape is changed, among the pits 
the lengths of which in the track direction on left and 
right sides of a track have been changed based on the 
second data D2L of the lower two bits, if the signal level 

30 of the reproducing signal RFD is changed to more than 
a pre-set extent, the reproducing signal RFD is bi-level- 
discriminated at a timing at which the reproducing sig- 
nal RFD is produced from the site of different shapes of 
the pits on the inner and outer rim sides, and the bi- 

35 level -discriminated signal is processed to produce play- 
back data derived from the second data D2L and which 
is of a higher frequency range than the frequency range 
of the first data D2U. 

[01 35] I n this optical disc, the audio data DAEx syn- 
40 thesized from the first data D2U and the second data 
D2L is selectively processed to achieve audio reproduc- 
tion of a high sound quality having the frequency range 
equivalent to 1 8 bits. 

45 (11) Ninth Embodiment 

[0136] In this optical disc, the first data D2U of the 
upper 1 6 bits of the 1 8-bit audio data is processed in the 
same way as the customary compact disc to form a 

so string of plural pits P^ which is recorded. The second 
data D2L is recorded by changing the lengths of the plu- 
ral pits Pi and lands R^ recorded on the optical disc in 
the direction of left and right tracks about the track 
center Tq as center from the normal lengths based on 

55 the second data D2L. The lands R^ are defined 
between the pits Pi recorded on the optical disc. In this 
case, the lengths of the inner and outer rims of the pits 
Pi and lands Ri in the track direction of the optical disc 
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are changed in a specified channel bit In the present 
exanrtple, this specified channel bit is set at a center bit 
Bel of the connecting bits to change the shape of the 
pit Pi and that of the land R, by the connecting bits on 
the inner and outer rim sides on the left and right sides 
of the track center TO. The 1 4 channel bits, between the 
connecting bits B^. to which are allotted the first data 
D2U of the upper 16 bits, are not affected by the record- 
ing of the lower 2 bits of the second data 02U and may 
be reproduced with phase allowance and amplitude 
allowance comparable to those in the customary com- 
pact disc. 

[01 37] For recording the first data D2U and the sec- 
ond data 02L on the optical disc, the recording device 1 
on/off controls the three laser beams, obtained on sep- 
arating the laser beam L outputted by the recording 
laser 5, shown in Rg.1. by respective light modulators 6. 
and converges the three laser beams, outputted by the 
light modulator 6, on the master disc 2 l>y the objective 
lens 9. These three light beams are allotted to the 
center of each pit, with the track center Tq as center, 
and to the inner and outer sides of the optical disc, 
which are on the left and right sides of the track center 
Tq. 

[0138] The recording device 1 also on/off controls 
the laser beam allotted to the center of the pit P^, by the 
channel data D3 generated by the upper 1 6-bit first data 
D2U, to record the upper 1 6-bit first data D2U by repeti- 
tion of strings of plural pits P^. 

[0139] The recording device 1 also appends an 
error correction code to the second data D2L and inter- 
leaves the resulting data to form a serial data string, and 
outputs the laser beam allotted to the inner or outer rim 
sides of the pit P^. responsive to the logical level of the 
seriat data string, at a timing of the center bit B^.^ of the 
connecting bits Be in the channel data D3, whereby, if 
the pit Pi associated with the first data 02U is formed 
astride the connecting bits B^, as shown in Fig.1 2A, the 
master disc 2 is exposed to light in such a manner that, 
responsive to the logical level of the first data D2U, the 
width W21 of the pot Pi will be changed appreciably 
towards the Inner and outer rim sides, at a portion cor- 
responding to the center bit B^ of the connecting bits 
Be. as shown in Rgs,12B-1 and 12B-2. 
[0140] In a case wherein the pit P^ continues to the 
center Bci of the connecting bits Bg. the master disc 2 is 
exposed to light so that the width W21 of the pit will 
be increased towards the inner or outer rim at the trail- 
ing end in the track direction of the pit Pt associated 
with the center bit B^ of the connecting bits B^. depend- 
ing on the logical level of the second data 02L, as 
shown in Figs.12C-1 and 12C-2, In a case wherein the 
pit Pi is started as from the center B^ of the connecting 
bits Be, the master disc 2 is exposed to light so that the 
width W21 of the pit Pi will be increased towards the 
inner or outer rim at the leading end in the track direc- 
tion of the pit Pi associated with the center bit 8^ of the 
connecting bits Be, depending on the logical level of the 



second data D2L, as shown in Figs. 1 2D- 1 and 12D-2. 
[0141] In a case wherein the center bit B^i of the 
connecting bits B^ is allotted to the land R, the master 
disc 2 is exposed to light so that, responsive to the logi- 

5 cal level of the second data D2L, a pit P^ having width 
corresponding to the increased width Wgi of the pit Pi 
will be formed, as shown in Rgs.12E1 and 12E-2. 
[01 42] The disc reproducing apparatus, adapted for 
reproducing the optical disc, having the first data D2U 

10 and the second data D2L recorded thereon as 
described above, performs selective bi-level discrimina- 
tion of the reproducing signal RFD. obtained using the 
photodetector 82 shown in Rg.1 1 , at a timing the light 
beam radiated from the optical pickup scans the center 

IS bit Bci of the connecting bits Bg, to generate playback 
data of a frequency range higher than that of the first 
data D2U derived from the lower 2-b(t second data D2L. 
[0143] With the present optteal disc, it is similarly 
possible to achieve audio reproduction with the high 

20 sound quality (ExCD sound quality) of a broad ft-e- 
quency range equivalent to 18 bits by selective process- 
ing of the audio data DAEx synthesized from the first 
data D2U and the second data 02L. 
[0144] Moreover, by setting a specified channel bits 

25 at the connecting bits Be and by setting it at the center 
bit Bel of the connecting bits Be, the 14 channel bits, 
between the connecting bits Bp, to which are allotted the 
upper 1 6 bit first data D2U of the 1 8-bit audio data, are 
not affected by the recording of the lower 2 bits of the 

30 second data D2L, and may be reproduced with phase 
allowance and amplitude allowance comparable to 
those in the customary compact disc. 

(12) Tenth Embodiment 

35 

[0145] With the optical disc of the present embodi- 
ment as with the optical disc s of the above-described 
respective embodiments, the upper 16-bit first data D2U 
of the 18-bit audio data are processed as in the custom- 

40 ary compact disc so as to be recorded as plural bits. On 
the other hand, the lower 2-bit second data D2L are 
recorded by the forward and rear portions In the length- 
wise direction thereof in the track direction of the pit Pi 
are offset in a direction perpendicular to the track direc- 

45 tion with tiie track center Tq in-between. If, in the 
present embodiment of the optical disc, the logical level 
of the second data D2L Is the logical •0". the forward 
side of the pit Pi is offset towards the outer rim of the 
optical disc in a direction perpendteular to the track 

50 direction from the track center Tq, with the center of the 
pit in the lengthwise direction thereof in the track direc- 
tion as a boundary, whilst the rear end of the pit Pi is off- 
set towards the inner rim of the optical disc from the 
track center Tq in a direction perpendicular to the track 

55 direction, as shown in Rg.1 3A. On the other hand, if the 
logical level of the second data D2L is the logical "1 the 
fonwand side of the pit Pi about the center in the length- 
wise direction thereof in the track direction as a bound- 
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ary is offset towards the inner rim of the optical disc In 
the direction perpendicular to the track direction from 
the track center Tq, whilst its rear portion is offset 
towards the outer rim of the optfcal disc in a direction 
perpendicular to the track direction towards the track 
center Tq. 

[01 461 f^or preparing an optical disc in which the for- 
ward and rear portions of the pit formed based on the 
first data D2U in the lengthwise direction thereof in the 
track direction are offset in the direction perpendicular 
to the track direction with the track center Tq in-between 
the radiating direction of the laser beam L is deflected 
tjy a fight deflector 6 arranged on the optical path of the 
laser beam L outputted by the light modulator 6 of the 
recording device 1 shown in Fig.1 at a timing at which 
the pit Pi is offset k>y the lower 2-bit second data D2L. 
The light modulator may be an electro-acoustic optical 
element. 

[0147] At this time, the second data D2L is phase- 
modulated to drive the light modulator 6 to split one of 
the bits of the second data D2L into two channels, the 
logical levels of which are set In meeting with the offset- 
ting of the pit Pi, as shown in Figs. ISA and 13B. 
[0148] The amount of the offset of the pit in the 
direction perpendicular to the track direction is set so 
that the tracking control in reproduction will not be 
affected by the offsetting of the pit P, and so that the 
upper bit side first data D2U will be reproduced with suf- 
ficient phase allowance and sufficient amplitude allow- 
ance. 

[0149] In reproducing the optical disc, the second 
data D2L recording by the offsetting of the pit P^ is 
reproduced using the output signal RFD obtained from 
the photodetector 82 provided on the optical pickup of 
the disc reproducing apparatus as shown in Fig.1 1, or 
using the high range signals of the tracking error sig- 
nals. 

[0150] With the optical disc of the present embodi- 
ment, even in a case wherein the pit P^ formed based 
on the first data D2U is offset in the direction perpendic- 
ular to the track direction so that the width of the pit dif- 
fers in the forward and rear portions In the lengthwise 
direction thereof in the track direction with the tack 
center Tq in-between, by the lower 2-bit second data 
02L, it is possible to synthesize the first data 02U and 
the second data D2L to achieve audio reproduction 
of high sound quality (ExCO sound quality) of the broad 
frequency range equivalent to 18 bit sound quality, 

(13) Eleventh Embodiment 

[0151] If. in the optical disc of the present invention, 
the length in the track direction of the pit P^ is varied 
from its normal length to record the second data D2L, 
two edges of the pit P^ are necessarily present in a 
codeword made up of 14 channel bits, to which is allot- 
ted 1 byte (8-bit) audio data, under the modulation rule 
of the EFM modulation, as shown in Fig.5. This modula- 



tion rule of the EFM modulation is based on the format 
of the customary compact disc. In such case, the 2-btt 
second data D2L may be allotted to each codeword. 
[0152] Meanwhile, if the 1-bit second data D2L is 

5 allotted to the sole pit P^ by the width of the pit P^ as the 
length in the direction perpendicular to the track direc- 
tion, or by the depth of the pit P^. two pits Pi are not 
necessarily allotted to a sole codeword, depending on 
the EFM modulation njle. In such case, it is difficult to 

w allot the second data D2L of 2 bits to each codeword. 
[01 53] In such case, the second data D2L is allotted 
to the pits Pi so that the upper bit first data D2Uand the 
lower bit second data D2L are associated with each 
other, with a pre -set block as a unit. 

IS [01 54] Specifically, with the format of the customary 
compact disc, connecting channel bits and code words 
are arrayed in succession to the 22 channel dock frame 
sync so that each frame is formed by 583 channel 
docks. A CD frame is formed by a concatenation of 

20 these frames. Thus, in a frame comprising 588 channel 
clocks, or in a CD frame, the second data D2L is 
sequentially allotted to the respective pits, so that the 
upper bit first data D2Uand the tower bit second data 
D2L will be in meeting with each other. 

25 [0155] In the recording device for preparing the 
optical disc, the second data D2L is buffered in an 
amount corresponding to at least 588 channel clocks or 
to a CD frame, and is sequentially outputted at a pit- 
forming timing to vary the normal pit length in the track 

30 direction. Also, with the disc reproducing apparatus, the 
reproduced second data D2L is buffered, with the sync 
frame or sub-code as a reference, and is outputted at a 
timing of the associated upper bit first data D2U. for 
processing. 

35 [0156] With the present optical disc, in which the 
upper bit first data D2U is split on the block basis for 
recording, and the lower bit second data D2L is allotted 
to the pits of the assodated block, on the block basis, 
the lower bit second data D2L is recorded even if the 

40 two pits are not necessarily allotted to each codeword 
under the modulation rule, whereby it is possible to syn- 
thesize the first data D2U and tiie second data D2L to 
achieve audio reproduction of high sound quality equiv- 
alent to 18-bit sound quality. 

45 

(14) Twelfth Embodiment 

[0157] In the optical disc of the present embodi- 
ment, a sole codeword by 14 channel bits is split at a 

50 pre-set bit cell boundary, and the second data D2L is 
recorded as the forward and rear portions in the length- 
wise direction of the pit in the track direction are offset in 
the direction perpendicular to the track direction, with 
the track center Tq in-between, as shown in Rgs.14A 

55 and 14B. 

[01 58] For recording the lower bit second data D2L, 
the pit Pi is split into a forward portion and a rear portion 
in the track direction with the center bit cell in the length- 
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wise direction thereof in the track direction and each 
one bit of the second data D2L Is allotted to the split 
region, whilst the 2-bit second data D2L is allocated to 
each code word. 

[0159] if, in this optical disc two bits re allotted to 
e.g., a code word so that the associated second data 
D2L will be allotted to each code word, it is necessary 
that one of the pit ceases to be deformed. 
[0160] With the present optical disc, in which a code 
word is split at a pre-set bit cell boundary, and the for- 
ward and rear portions of the lengthwise direction of 
each pit P^ in the track direction, with the bit cell bound- 
ary as a boundaf7, are offset in a direction perpendicu- 
lar to the track direction on both sides of the track center 
Tq, plural bits of the tower bit second data D2L can be 
allotted to a sole pit for correspondingly improving the 
recording density of the second data D2L. 
[0161] Moreover, each codeword may be associ- 
ated with the second data D2L for correspondingly sim- 
plifying the processing of the recording and reproducing 
system. 

(15) Other Embodiments 

[0162] In the foregoing description, the lower bit 
second data D2L are recorded by changing the width, 
depth, length in the track direction or length in the direc- 
tion perpendicular to the track direction, of the pit differ- 
entially deforming the inner and outer rims in the track 
direction of the pit. or differentially offsetting the forward 
and rear portions in the track direction of the pit in the 
direction of the inner and outer rims of the disc. The 
present Invention is, however, not limited to these 
embodiments since these embodiments may be used in 
combination. By so doing, the data volume that can be 
allotted to each bit may be increased, while the error 
conrection code appended to the second data D2L can 
be intensified and the recording and/or reproduction of 
these sorts of data can be improved in reliabflrty. More- 
over, the audio data improved in the number of bits or 
data volume can be recorded- In this case, the second 
data D2L associated with a code word can be allotted to 
plural bits to simplify the processing of the recording 
and reproducing systems. 

[0163] In the foregoing description, the lower bit 
second data 02L are recorded by changing the width, 
depth, length in the track direction or length in the direc- 
tion perpendicular to the track direction, of the pit. differ- 
entially defonming the inner and outer rims in the track 
direction of the pit, or differentially offsetting the forward 
and rear portions in the track direction of the pit in the 
direction of the inner and outer rims of the disc. The 
present invention is, however, not limited to this configu- 
ration and may be applied to the recording by multiple 
values. That is, in comparison with Figs. 1 3A and 1 3B, it 
will be seen that, if a pit P-i having the forward side and 
the rear side with the lengthwise mid portion thereof in 
the track direction as a boundary offset towards the 



outer and inner rims of the disc, respectiveiy, from the 
track center Tq in a direction perpendcular to the track 
direction, a pit Pq not offset as shown in Rg.15B and a 
pit Pi having the forward side and the rear side with the 
5 lengthwise mod portion thereof in the track direction as 
a boundary offset towards the inner and outer rims of 
the disc, respectively, from the track center Tq in the 
direction perpendicular to the track direction, are com- 
bined together to enable plural bits of the lower bit see- 
to ond data D2L to be recorded with three values. Even 
with such multi-valued recording, plural bits of the sec- 
ond data 02L can be allotted to a codeword to simplify 
the processing of the recording and reproducing sys- 
tems correspondingly- 
15 [0164] In the foregoing description, an error correc- 
tion code is allotted to the lower 2-bit second data D2L, 
in association with the processing of the upper 16-bit 
first data D2U, and the resulting data is interieaved. The 
present invention is, however, not limited to this configu- 
30 ration since the second data D2L can be processed and 
recorded by processing different from that described 
above. 

[0165] In the foregoing description, when the lower 
bit second data D2L are recorded by changing the 

25 width, depth, length in the track direction or length in the 
direction perpendicular to the track direction, of the pit 
differentially deforming the inner and outer rims in the 
track direction of the pit or differentially offsetting the 
forward and rear portions in the track direction of the pit 

30 in the direction of the inner and outer rims of the disc, 
the second data D2L is modulated in phase. However, 
phase modulation may also be used when the second 
data D2L Is recorded based on the different between 
the inner and outer rims of the pit. 

35 [0166] In the foregoing description, the inner and 
outer rims of the pit are offset at the center bit of the 
connecting bits, as a specified channel bit However, the 
present invention is not limited thereto since the leading 
or trailing bit of the connecting bits, or one of the 14 

40 channel bits, to which the first data D2U are allotted, 
may be used as the specified channel bit In this case, 
plural bits of the second data D2t may be allotted to a 
single connecting bit or a single bit of the 14 channel 
bits, as appropriate. 

45 [0167] In the foregoing description, the inner and 
outer rims of the pit are offset at the center bit of the 
connecting bits, as a specified channel bit However, the 
present Invention Is not limited thereto since the second 
data D2L may be recorded by varying the pit width or 

so depth at a specified channel bit In such case, the sec- 
ond data 02 L may be allotted to a sole connecting bit or 
to plural bits of a sole 1 4-channet bits. 
[0168] In the foregoing description, the lower 2-blt 
second data D2L of the 18-bit audio data is deformed, 

55 along with the enor correction code, with the pits 
derived from the first data D2U of the upper 1 6 bits. The 
present invention is, however, not limited to this configu- 
ration since all or part of the error correction code may 
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be allotted to the sub-code. 

[0169] Also, in the foregoing description. 18-bit 
audio data are recorded as it is split into upper 16 bits 
and lower 2 bits. However, the present invention is not 
limited to this ennbodiment since it may be broadly 
applied to a case of splitting the audio data of a variable 
number of bits to upper and lower order bits. 
[0170] Moreover, in the foregoing description, 
desired audio data are recorded by pits and lands. The 
present invention is, however, not limited to this configu- 
ration since the present invention may be broadly 
applied to a magneto-optical disc or a magneto-optical 
disc recording and/or reproducing apparatus for record- 
ing audio data by repetition of marl<s and spaces. 
[0171] The present invention also is not limited to 
recording the audio data on an optical disc since the 
present invention maybe broadly applied to recording 
video data On an optical disc. 

(16) Further Embodiments 

[0172] In the above-described embodiments, the 
second data D2L is recorded by varying the length of 
pits of a track, constituted t>y the plural pits corre- 
sponding to the first data D2U, and the lands Ri defined 
between these pits, along the entire length thereof in the 
track direction, by varying the vwdth of the pits as a 
length in a direction perpendicular to the tack direction, 
and by varying the width of the pits as from a mid por- 
tion towards the forward or rear end of the pit. Alterna- 
tively, the second data D2L may be recorded by setting 
the length of the pit P2 at a mid portion thereof in the 
track direction T thereof, that is a width , , to a width 
W11 nanx)werthan the length thereof in the track direc- 
tion T. that is the normal width W12. as shown in Rg.1 6. 
Still alternatively, the second data D2L may be recorded 
by fomning a recess 51 shallower in depth than the nor- 
mal pit Pi, as shown in Fig. 15. 

[0173] The pit of the second data D2L, recorded 
by varying the width W^i at a mid portion thereof in the 
track direction T in the direction perpendicular to the 
track direction T. is of a period not less than 5T, whereas 
the land of the second data D2L. recorded by form- 
ing the recess 51 shallower in depth than the normal pit 
P^, may also be of a period not less than 5T. 
[0174] By recorded the second data 02L by the pit 
P2 with a period not less than 5T, It is possible to read 
out the second data D2L with a sufficient detection out- 
put as the detection output of the first data D2U 
recorded by the pit P2 is prevented from being 
decreased. 

[0175] The reproduction, that is reading, of the sec- 
ond data D2L. is hereinafter explained. 
[0176] The reproducing signal outputled from the 
RF circuit 24 of Rg.1 . con-espondingto the pit PI having 
the normal width W^g and the land not provided with 
the recess 51 , is the reproducing signal Rfl . having the 
regular amplitude, as shown in Fig.17, whereas the 



reproducing signal corresponding to the pit P2 having a 
narrow width Wi i and the land Ri having the recess 51 . 
is the reproducing signal Rf2 smaller in amplitude than 
the reproducing signal Rfl . 

5 [0177] In the present embodiment, in which the 
lengths of the pit P2 and the land R^. carrying the sec- 
ond data D2L, are of a period not less than 5T. it is 
unnecessary to nomnalize the reproducing signal Rf in 
the RF level discriminating circuit 28 of Fig.1 , so that the 

TO reproducing signal Rf from the RF circuit 24 is directly 
supplied to the bi-level demodulation circuit 30. The bi- 
level demodulation circuit 30 has two threshold values, 
for example, a threshold value TH2 as an intermediate 
level between the reproducing signals Rfl , Rf2 corre- 

15 spending to the land R^ having the recess 51 and to the 
land Ri not having the recess 51 , and a threshold value 
TH3 at an Intermediate level between the reproducing 
signals Rfl. Rf2 con-esponding to the pits P^. P2. 
respectively. The bi-level demodulation circuit 30 dis- 

20 criminates the reproducing signal Rf outputted by the 
RF circuit 24, based on the threshold value TH2, to 
reproduce the second data D2L. The bl-level demodula- 
tion circuit 30 also discriminates the reproducing signal 
Rf. based on the threshold value TH3, to reproduce the 

25 second data D2L recorded on the pit P2. 

(1 7) Further Embodiments 

[0178] In the above-described embodiments, the 
30 second data D2L is recorded as audio data of the high 
frequency range as supplementary data to the first data 
D2U not contained in the upper 16-bit first data D2U of 
audio data DA as 18-bit parallel digital data. However, 
data concerning the first data D2U is used as the see- 
as ond data D2L. 

[0179] For example, if the first data D2U is the 2- 
channel audio data, the second data D2L may be the 
audio data constituting multi-channel audio data as a 
portion of the first data D2U. The second data D2L used 
40 here is data inputted to a speaker anranged at the front 
side center of the multi-channel data or a speaker 
arranged above the listener's head or data inputted to 
left and right speakers on the back side. 
[01 80] The second data D2L may be data recorded 
45 as multi-channel audio data independent from the first 
data D2U. 

[0181] If the first data D2U is the audio data of a 
musical number Including the lyrics, the second data 
. D2L is recorded as data corresponding to the perform- 
so ing portion of this musical number. By recording the first 
data D2U and the second data D2L, it is possible to 
selectively reproduce only the perfonning portion of a 
musical number including the lyric, thus realizing varie- 
gated audio reproduction. 
55 [0182] As the second data D2I_ copyright data for 
protecting the copyright by imposing limitations on 
duplcation of the first data D2LI recorded as digital data 
may be recorded. 
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[0183] ff, when the first data 02U is encrypted, the 
second data D2L is recorded as key data for decrypting 
the first data D2U, it is possible to inhibit free reproduc- 
tion or duplication of the first data D2U to assure reliable 
protection of the work corresponding to the first data 5 
D2U. 

[0184] The second data D2L nnay also be manage- 
ment data indicating that the supplementary data rele- 
vant to the first data D2U has been recorded with signal 
compression. jo 
[0185] The second data D2L may be recording with 
signal compression with variable formats in areas totally 
independent of the area in which to record the second 
data D2L. 

[0186] In an inner rim area of an optical disc 101, 15 
having the second data D2L recorded thereon along 
with the first data D2U, there is provided a lead-in area 
102 in which to record TOC (table-of-contents) data 
indicating the contents of data recorded on the optical 
disc 1 91 . A first data recording area 1 03 is provided on 20 
an outer rim side of the lead-in area 1 02 and a second 
data recording area 104 is provided on the outer rim 
area of the first data recording area 103. 
[0187] In the first data recording area 103. there is 
recorded audio data in a format of the customary com- 25 
pact disc, whereas, in the second data recording area 
104. there is recorded audio data capable of realizing 
audio reproduction of optimum sound quality. This audio 
data includes even the audio data of high frequency 
range not contained in the audio data recorded in the 30 
first data recording area 103 with signal compression 
afforded by a variety of signal compression means. 
[0188] If data recorded in the second data recording 
area 104 is such data as fee charging, this data is the 
first data D2U, while plural bits formed based on the first 35 
data D2U is deformed based on the encryption data as 
the second data D2L and recorded. By recording the 
encryption data as the second data D2L. it is possible to 
Inhibit free reproduction or duplication of the data 
recorded in the second data recording area 104 to 40 
assure reliable protection of the work derived from the 
second data D21_. 

[0189J In this case, data for decoding the encrypted 
data is recorded in the lead-in area 102. This data Is 
recorded by deforming the plural pits formed based on 4S 
the TOC data based on the data used for decrypting the 
encrypted data. 

[0190] The data recorded in the second data 
recording area 104 need not necessarily be a unit of 
audio data, since a variety of data such as data consti- so 
tuting the multichannel audio data may be recorded 
along with the data recorded in the first data recording 
area. 

[0191] By not recording supplementary data in the 
pits fonned based on data recorded in the first data 55 
recording area 103. it is possible to maintain high data 
quality of data recorded in the data recording area 103. 
[0192] The pits formed in the lead-in area 1 02 may 



be defonmed by second data indicating the presence of 
the second data recording area 104 for recording. 

Industrial Applicability 

[0193] According to the present invention, as 
described above, since the plural pits of a track consti- 
tuted by plural pits formed based on first data to be 
recorded and lands between the pits are deformed 
based on the second data and the deformed pits are 
recorded, high-quality audio reproduction may be 
achieved. Moreover, variegated audio reproduction may 
be achieved by suitably synthesizing or selecting the 
first and second data for reproduction. 

Claims 

1 . An optical recording medium comprising: 

a track constituted by a plurality of pits formed 
based on first data recorded therein and lands 
defined between said pits; 
wherein 

said plural pits are deformed based on second 
data. 

2. The optical recording medium according to claim 1 
wherein 

said pits are deformed, based on said second 
data, from the regular shape thereof as formed 
on said optical recording medium. 

3. The optical recording medium according to claim 2 
wherein 

the length in the track direction of said pits is 
varied, based on said second data, from the 
regular length thereof in the track direction as 
formed on the optical recording medium. 

4. The optk;al recording medium according to claim 2 
wherein 

the depth of said pits is varied, based on said 
second data, from the regular depth thereof as 
formed on the optical recording medium. 

5. The optical recording medium according to claim 2 
wherein 

at least a portion of the length in a direction 
perpendicular to the track direction of said pits 
is varied, based on said second data, from the 
regular length thereof in the direction perpen- 
dicular to the track direction as formed on the 
optical recording medium. 



20 



39 EP 1 059 632 A1 40 

6. The optical recording medium according to claim 5 beam radiated from said light source based on 

wherein furnished first and second data; and 



the length in a direction perpendicular to the 
track direction of a given pit having a pre-set s 
length is varied, based on said second data, 
from the regular length thereof in said direction 
perpendicular to the track direction as formed 
on the optical recording medium. 

10 

7. The optical recording medium according to claim 6 
wherein 



an objective lens for converging the recording 
laser beam outputted by said modulator on an 
optical recording medium. 

13. The recording apparatus for an optical recording 
medium according to claim 12 further comprising: 

a signal processor for generating said first and 
second data based on furnished data. 



the length of said pits in a direction perpendic- 
ular to the track direction at a mid portion is 
thereof in said track direction is smaller than 
the length of other portions of said pits in said 
track direction. 

8. The optical recording medium according to claim 6 so 
wherein 

the length of said pits in a direction perpendic- 
ular to the track direction is varied, based on 
said second data, at forward and rear portions 25 
thereof in said track direction. 

9. The optical recording medium according to claim 5 
wherein 

30 

the depth of said pits is further varied, based on 
said second data, from the regular depth 
thereof as formed on the optical recording 
medium. 

35 

10. The optical recording medium according to claim 2 
wherein 

the length of left and right portions of said pits 
on both sides of a track center in said track 40 
direction is varied from the regular length 
thereof based on said second data. 

11. The optical recording medium according to claim 2 
wherein 45 

the forward and rear portions of said pits In said 
track direction are offset based on said second 
data, in a direction perpendicular to said track 
direction with said track center in-between. so 

12. A recording apparatus for an optical recording 
medium comprising: 

a light source for outputting a recording laser ss 
beam; 

a modulator for modulating said recording laser 



14. The recording apparatus for an optical recording 
medium according to claim 12 wherein said signal 
processor generates said first and second data 
based on main data recorded on said optteal 
recording medium and on supplementary data to 
said main data recorded on said optical recording 
medium, respectively. 

15. The recording apparatus for an optical recording 
medium according to claim 13 wherein said signal 
processor generates said first and second data 
based on upper and lower bits of main data 
recorded on said optical recording medium, respec- 
tively. 

16. A reproducing apparatus for an optical recording 
medium, said apparatus comprising: 

an optical pickup for reading out first and sec- 
ond data from an optical recording medium 
including a track formed by a plurality of pits 
fomied based on said first data recorded 
therein and a land defined between neighbor- 
ing pits, said pits being deformed based on 
said second data; 

a first demodulator for demodulating said first 
data of said optical recording medium based on 
an output signal of said optteal pickup; and 

a second demodulator for demodulating said 
second data of said optical recording medium 
based on said output signal of said optical 
pickup. 

17. The reprodudng apparatus for an optical recording 
medium according to claim 16, said apparatus fur- 
ther comprising: 

a signal processor for generating playback sig- 
nals based on output signal of said optical 
pickup; 

said playback signal from the signal processor 
being fed to said first and second demodula- 
tors. 
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18. The reproducing apparatus for an optical recording 
mediunn according to daim 17. wherein 

said second demodulator includes a signal 
level discriminating portion for discriminating 5 
the signal level of said playtsack signals sup- 
plied from said signal processor and a demod- 
ulation processor for demodulating an output of 
said signal level discriminating portion. 

10 

19. The reproducing apparatus for an optical recording 
medium according to claim 16, said apparatus fur- 
ther comprising: 

a synthesizing portion for synthesizing an out- is 
put signal of said first demodulator and an out- 
put signal of said second demodulator. 

20. The reproducing apparatus for an optical recording 
medium according to claim 1 6. said apparatus fur- 20 
ther comprising: 

an external equipment discriminating portion 
for discriminating whether or not an external 
equipment connected to the apparatus Is an ss 
authentic external equipment; 

said apparatus outputting at least an output 
signal of said second modulator when said an 
extemal equipment connected to the apparatus 30 
is discriminated by said external equipment 
discriminating portion to be an authentic exter- 
nal equipment. 

21 . The reproducing apparatus for an optical recording 35 
medium according to claim 1 6, wherein said optical 
pickup includes 

a photodetector split in said track direction of 
said optical recording medium at least into a 40 
first photodetector portion and a second photo- 
detector portion; 

said apparatus also including a signal proces- 
sor for processing output signals of said first 45 
and second photodetector portions; 

said first demodulator being fed from said sig- 
nal processor with a sum signal representing 
the sum of output signals of said first and sec- so 
ond photodetector portions; and 

said second demodulator being fed from said 
signal processor with a difference signal repre- 
senting the difference between output signals ss 
of said first and second photodetector portions. 

22. A reproducing apparatus for an optical recording 



medium, said apparatus comprising: 

an optical pickup for reading out first and sec- 
ond data and discriminating data from an opti- 
cal recording medium including a track fomned 
by a plurality of pits formed based on said first 
data recorded therein and a land defined 
between neighboring pits, said pits being 
deformed based on said second data, said 
optical recording medium also having said dis- 
criminating data recorded thereon; 
a first demodulator for demodulating said first 
data of said optical recording medium based on 
an output signal of said optical pickup; 
a second demodulator for demodulating said 
second data of said optical recording medium 
based on said output signal of said optical 
pickup; and 

a controller for controlling the operation of said 
second demodulator based on said discrimi- 
nating data read out by said optical pickup from 
said optical recording medium. 

23. The reproducing apparatus for an optical recording 
medium according to claim 22 wherein 

said discriminating data recorded on said opti- 
cal recording medium is data indicating 
whether or not the second data has been 
recorded on said optk^l recording medium; 
and wherein 

said controller actuates said second demodula- 
tor when.said discriminating data indicates that 
sard second data is recorded on said optical 
recording medium. 

24. The reproducing apparatus for an optical recording 
medium according to claim 23, said apparatus fur- 
ther comprising: 

a signal processor for generating playback sig- 
nals based on an output signal of said optical 
pickup; said first and second demodulators 
being fed with said playback signal from said 
signal processor. 

25. The reproducing apparatus for an optical recording 
medium according to claim 24 wherein 

said second demodulator includes 

a signal level discriminating portion for discrim- 
inating the signal level of said playback signals 
supplied from said signal processor, and a 
demodulation processor for demodulating an 
output of said signal level discriminating por- 
tion. 
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26. The reproducing apparatus for an optical recording 
medium according to daim 24 wherein 

said controller includes a switching portion pro- 
vided between said signal processor and said 
second demodulator, and a discriminating por- 
tion for changing over the operation of said 
switching portion based on said discriminating 
data; said discriminating portion switching-con- 
trolling said switching portion to send the play- 
back signal to said second demodulator when 
said discriminating data indicates that the sec- 
ond data has been recorded on said optical 
recording medium. 

27. The reproducing apparatus for an optical recording 
medium according to dalm 26 further comprising: 

a synthesizer for synthesizing output signals of 
said first and second demodulators. 

28. The reproducing apparatus for an optical recording 
medium according to daim 27 wherein 

said controller includes a further switching por- 
tion changed over by said discriminating por- 
tion for selecting an output signal of said 
synthesizing unit and an output signal of said 
second demodulator. 

29. The reproducing apparatus for an optica! recording 
medium according to claim 22, said apparatus fur- 
ther comprising: 

an external equipment discriminating portion 
for discriminating whether or not an external 
equijDment connected to the apparatus is an 
authentic external equipment; 
said apparatus outputting at least an output 
signal of said second modulator when said an 
external equipment connected to the apparatus 
Is discriminated by said external equipment 
discriminating portion to be an authentic exter- 
nal equipment. 

30. The reproducing apparatus for an optical recording 
medium according to claim 22, wherein said optical 
pickup includes 

a photodetector split in said track direction of 
said optical recording medium at least into a 
first photodetector portion and a second photo- 
detector portion; 

said apparatus also including a signal proces- 
sor for processing output signals of said first 
and second photodetector portions; 



said first demodulator being fed from said sig- 
nal processor with a sum signal representing 
the sum of output signals of said first and sec- 
ond photodetector portions of said signal proc- 
5 essor; 

said second demodulator being fed from said 
signal processor with a difference signal repre- 
senting the difference between output signals 
10 of said first and second photodetector portions. 

31. An optical recording medium induding a data 
recording area having a spirally extending track 
constituted by a plurality of pits fonned based on 

15 first data recorded therein and lands defined 
between neighboring pits, and a management data 
area for recording therein management data for 
said first data recorded in said data recording area, 

20 at least said plural bits recorded in said man- 

agement area having been deformed based on 
said second data. 

32. The optical recording medium according to claim 31 
25 wherein 

said pits are deformed, based on said second 
data, from the regular shape thereof as formed 
on the optica) recording medium. 

30 

33. The optical recording medium according to claim 32 
wherein 

the length in the track direction of said pits is 
35 varied, based on said second data, from the 

regular length thereof In the track direction as 
formed on the optical recording medium. 

34. The optteal recording medium according to claim 32 
4C wherein 

the depth of said pits is varied, based on said 
second data, from the regular depth thereof as 
formed on the optical recording medium. 

45 

35. The optcal recording medium according to claim 32 
wherein 

at least a portion of the length in a direction 
50 perpendicular to the track direction of said pits 

is varied, based on said second data, from the 
regular length thereof in a direction perpendic- 
ular to the track direction as formed on the opti- 
cal recording medium. 

55 

36. The optrcal recording medium according to claim 35 
wherein 
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the length in a direction perpencficular to the 
track direction of a given pit having a pre -set 
length is varied, based on said second data, 
from the regular length thereof in said direction 
perpendicular to the track direction as formed 
on the optical recording medium. 

37. The optical recording medium according to claim 36 
wherein 

the length of said pits in a direction perpendic- 
ular to the track direction at a mid portion 
thereof in said track direction is smaller than 
the length of other portions of said pits in said 
track direction. 

38. The optical recording medium according to claim 36 
wherein 



said supplementary data is data at least includ- 
ing copyright data. 

44. The optical recording medium according to claim 31 
5 wherein 

said first data is upper bits of digital data 
recorded on said optical recording medium and 
wherein said second data is lower bits of said 
10 digital data. 

45. The optical recording medium according to claim 31 
wherein 

15 discriminating data indicating whether or not 

said second data is recorded on the optical 
recording medium is recorded In said manage- 
ment data area. 



the length of said pits in a direction perpendto- 
ular to the track direction is varied, based on 
said second data, at forward and rear portions 
thereof in said track direction. 

39. The optical recording medium according to claim 35 
wherein 

the depth of said pits is further varied, based on 
said second data, from the regular depth 
thereof as formed on the optical recording 
medium. 

40. The optical recording medium according to claim 32 
wherein 

the length of left and right portions of said pits 
on both sides of the track center in said track 
direction is varied from the regular length 
based on said second data. 

41. The optical recording medium according to claim 32 
wherein 

the forward and rear portions of said pits in said 
track direction are offset based on said second 
data, in a direction perpendicular to said track 
direction with said track center In-between. 

42. The optical recording medium according to claim 31 
wherein 

said first data ts digital data recorded on said 
optical recording medium and wherein 
said second data is supplementary data to said 
digital data. 



20 46. The optical recording medium according to claim 31 
wherein 

said first data is encrypted data and said sec- 
ond data is key data for decrypting said first 
25 data. 

47. The optical recording medium according to claim 31 
wherein 

30 said first data is 8-1 4 modulated data. 

48. A method for recording an optical recording 
medium comprising: 



35 
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45 



49. 



55 



modulating a recording laser beam outputted 
by a light source with furnished first and second 
data; 

converging the modulated recording laser 
beam on an optical recording medium through 
an objective lens for forming a track including at 
least a plurality of pits derived from said first 
data and lands defined between said pits; and 
deforming the pits formed on said optical 
recording medium based on said second data. 

The method for recording an optical recording 
medium according to claim 48 wherein 

said first data is generated based on main data 
recorded on said optical recording medium and 
wherein 

said second data is generated based on sup- 
plementary data to the main data recorded on 
the optical recording medium. 



43. The optical recording medium according to claim 42 
wherein 



50. The method for recording an optical recording 
medium according to claim 49 wherein 
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said supplementary data is data at least includ- 
ing copyright data 

51. The method for recording an optical recording 
medium according to daim 48 wherein 

said first data is generated based on lower data 
of main data recorded on said optical recording 
medium and wherein said second data is gen- 
erated based on lower bits of said main data. 

52. The method for recording an optical recording 
medium according to claim 48 wherein said first 
data is encrypted data and said second data is key 
data for decrypting said first data. 

53. The method for recording an optical recording 
medium according to daim 48 wherein 

said pits are defomned. based on said second 
data, from the regular shape thereof as formed 
on the optical recording medium. 

54. The method for recording an optical recording 
medium according to daim 53 wherein 

the length in the track direction of said pits is 
varied, based on said second data, from the 
regular length thereof in the track direction as 
formed on the optical recording medium. 

55. The method for recording an optical recording 
medium according to daim 53 wherein 

the depth of said pits is varied, based on said 
second data, from the regular depth thereof as 
formed on the optical recording medium. 

56. The method for recording an optical recording 
medium according to daim 53 wherein 

at least a portion of the length In a direction 
perpendicular to the track direction of said pits 
is varied, based on said second data, from the 
regular length thereof in said direction perpen- 
dicular to the track direction as formed on the 
optical recording medium. 

57. The method for recording an optical recording 
medium according to daim 66 wherein 

the length in a direction perpendicular to the 
track direction of a given pit having a p re-set 
length is varied, based on said second data, 
from the regular length thereof in said direction 
perpendicular to the track direction as formed 
on the optical recording medium. 



58. The method for recording an optical recording 
medium according to claim 57 wherein 

the length of said pits in a direction perpendk:- 
5 ular to the track direction at a mid portion 

thereof in said track direction is smaller than 
the length of other portions of said pits in said 
track direction. 

10 59. The method for recording an optical recording 
medium according to claim 57 wherein 

the length of said pits in a direction perpendic- 
ular to the track direction is varied, based on 
15 said second data, at forward and rear portions 

thereof in said track direction. 

60. The method for recording an optical recording 
medium according to claim 56 wherein 

20 

the depth of said pits is further varied, based on 
said second data, from the regular depth 
thereof as formed on the optteal recording 
medium. 

25 

61. The method for recording an optical recording 
medium according to claim 53 wherein 

the length of left and right portions of said pits 
30 on both sides of the track center in said track 

direction is varied from the regular length 
based on said second data. 

62. The method for recording an optical recording 
35 medium according to claim 50 wherein 

the forward and rear portions of said pits In said 
track direction are offset, based on said second 
data, in a direction perpendicular to said track 
40 direction with said track center in-between. 

63. The method for recording an optical recording 
medium according to claim 53 wherein 

43 said first data is digital data recorded on said 

optical recording medium and wherein said 
second data Is supplementary data of said dig- 
ital data. 

50 64. The method for recording an optical recording 
medium according to claim 60 wherein 

said supplementary data is data at least includ- 
ing copyright data. 

55 

65. The method for recording an optical recording 
medium according to claim 48 wherein 
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said first data is upper and lower data of digital 
data recorded on said optical recording 
medium. 

66. The method for recording an optical recording 
medium according to daim 48 wherein said first 
data is encrypted data and said second data is key 
data for decrypting said first data. 

67. A method for reproducing an optical recording 
medium comprising: 

reading out first and second data from an opti- 
cal recording medium including a track formed 
by a plurality of pits formed based on said first 
data recorded therein and a land defined 
between neighboring pits, said pits being 
defonmed based on said second data; 
demodulating said first data of said optical 
recording medium based on an output signal of 
data read out from said optical recording 
medium; and 

demodulating said second data based on play- 
back signals of data read out from said optical 
recording medium. 

68. The method for reproducing an optical recording 
medium according to daim 67 wherein 

the signal level of said playback signals of data 
read out from said recording medium is dis- 
criminated to demodulate said second data. 

69. The method for reproducing an optical recording 
medium according to daim 67 wherein the demod- 
ulated first data and the demodulated second data 
are synthesized and outputted. 

70. The method for reproducing an optical recording 
medium according to claim 67 wherein, if a con- 
nected external equipment is discriminated to be an 
authentic external equipment at least demodulated 
second data is outputted. 

71. The method for reprodudng an optical recording 
medium according to daim 87 wherein 

an optical ptekup including a photodetector split 
into at least a first photodetector portion and a 
second photodetector portion in the track direc- 
tion of said optical recording medium is used; 
said first data is demodulated based on a sum 
signal representing a sum of output signals of 
said first and second photodetector portions; 
and wherein 

said second data is demodulated based on a 
difference signal representing a difference 
between output signals of said first and second 



photodetector portions. 

72. A reproducing method for an optical recording 
medium comprising: 

5 

demodulating first data based on playback sig- 
nals of data read out from an optical recording 
medium including a track made up of a plurality 
of pits formed based on said first data recorded 
10 and lands defined between neighboring pits, 

said plural bits being deformed based on sec- 
ond data, said optical recording medium having 
discriminating data recorded thereon; and 

15 demodulating said second data based on play- 

back signals of data read out from said optical 
recording medium based on the results of dis- 
crimination of said discrimination data read out 
from said optk;al recording medium. 

20 

73. The reproducing method for an optical recording 
medium according to claim 72 wherein, if the dis- 
criminating data recorded on said optical recording 
medium indicate that said second data has been 

25 recorded on said optteal recording medium, said 
second data is demodulated based on data read 
out from the optica! recording medium. 

74. The reproducing method for an optical recording 
30 medium according to daim 72 wherein the signal 

level of said playback signals of data read out from 
the optical recording medium is discriminated to 
demodulate said second data. 

35 75. The reproducing method for an optcal recording 
medium according to claim 72 wherein the demod- 
ulated first data and the demodulated second data 
are synthesized and outputted. 

40 76. The reproducing method for an optical recording 
medium according to claim 72 wherein, if a con- 
nected external equipment Is discriminated to be an 
authentic extemat equipment, at least demodulated 
second data is outputted. 

45 

77. The reproducing method for an optical recording 
medium according to claim 72 wherein an optical 
pickup including a photodetector split into at least a 
first photodetector portion and a second photode- 
50 tector portion In the track direction of said optical 
recording medium is used; 

said first data is demodulated based on a sum 
signal representing a sum of output signals of 
55 said first and second photodetector portions; 

and wherein 

said second data Is demodulated based on a 
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difference signal representing a difference 
between output signals of said first and second 
photodetector portions. 
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